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DISCLAIMER PAGE

Recoveryplansdelineatereasonableactionswhich arebelievedto be requiredto recover
and/orprotectlisted species.Plansarepublishedby theU.S. FishandWildlife Service,
sometimespreparedwith theassistanceof recoveryteams,contractors,stateagencies,and
others. Objectiveswill be attainedandanynecessaryfundsmadeavailablesubjectto
budgetaryandotherconstraintsaffectingthepartiesinvolved,aswell astheneedto address
otherpriorities. Recoveryplansdo not necessarilyrepresenttheviews nor theofficial
positionsor approvalof anyindividualsor agenciesinvolved in theplan formulation,other
than theU.S. FishandWildlife Service. Theyrepresenttheofficial positionof theU.S. Fish
andWildlife Servicemily aftertheyhavebeensignedby theRegionalDirector or Directoras
appro~d. Approvedrecoveryplansaresubjectto modificationasdictatedby newfindings,
changesin speciesstatus,andthe completionof recoverytasks.
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EXECUTIVE SUMMARY
OF THE RECOVERY PLAN FOR THE SPECTACLED

EIDER

Cnrr~nLSIatus: This speciesis listed as threatened.Threebreedingpopulationshavebeen
identified: Yukon-KuskokwimDelta (YKD), North Slopeof Alaska (NS), andArctic Russia
(AR). The breedingrangeof theYKD populationis reducedandthepopulationappearsto
havedeclinedby morethan96% sincethemid-1970s. The NS breedingpopulationapparently
hasexperiencedlocalizeddeclinesbut dataareinsufficient to determinean overall trend. The
AR populationis quite large; butthetrend isunknownandthe historic rangeappearsto be
reduced.

HabitatRequirementsandLimiting Factors: The SpectacledEiderbreedsin low-lying
arcticandsub-arcticwetlandsdominatedby graminoidsandcharacterizedby numerous
shallowpondsandlakes. On the YKD, thesewetlandsarenearthecoastandpartially drained
by complexsloughandriver systems.The NS andAR breedinghabitatsarelow-lying,
poorly-drained,coastalplains. Molting occursat seain nearshorewaters. Principalknown
SpectacledEider winteringareasarein thecentral Bering Sea. Preliminaryanalysesusing
CommonEider demographicdatasuggestthatadultsurvivalmaybe the mostimportant
variableaffecting populationgrowthrate. Leadpoisoningfrom ingestedleadshotgunpellets
mayhavecontributedto the rapiddeclineobservedon theYukon-KuskokwimDelta.
Numerousfactorsknown or suspectedof affectingadult survivalhavebeenidentified, but their
relativeimportanceis unknown.

R~coi~ry...Qbjcc1ix~: Delisting

RecoveryCriteria: SpectacledEiderswill be consideredrecoveredwhen~a~hof thethree
recognizedpopulations:1) is stableor increasingover 10 or moreyearsandthe minimum
estimatedpopulationsizeisat least6,000 breedingpairs,or 2) numbersat least10,000
breedingpairsover3 or moreyears,or 3) numbersat least25,000breedingpairsin oneyear.

A~finniN~d.
1. Coordinaterecoveryandmanagementeffortsbetweenandamonggovernmentagenciesand

Nativeandothernon-governmentalorganizations.
2. Increaseefforts to reducemortality.
3. Quantify and monitorexistingbreedingpopulations.
4. Determinemolting, migration,and winteringareasandhabitats.
5. Conductresearchon thedemographyandbiologyof thespeciesanddevelopdemographic

models.
6. Attempt to determinetheobstaclesto recoveryandcausesfor decline.
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N~d1 N~2 N~J N~A N~5 N~i6 Iatal

1
2
3
4
5
Total

95
95
95
80
8Q

445

253
218

218
218
21L

1,125

183
183
173

85

709

290
110
60
60
6Q

580

1,349
1,122
1,082

322
322

4,197

555
155
90
70

~70~
940

2,725
1,883
1,718

835

7,996

Da1e..oI..Recox~ry: Theestimateddatefor recoveryof theworld populationof theSpectacled
Eideris unknowndueto: 1) uncertaintyof causesfor declineandobstaclesto recovery,and2)
potentialinability to eliminateeffectsof causesandobstaclesoncetheyareidentified.
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I. INTRODUCTION

The Endangered Species Act of 1973, as amended, callsfor preparationof recoveryplansfor
listed species that are likely to benefit from the effort, and authorizes the Secretary of the
Interior to appoint recovery teams to prepare them. A recovery plan must establish recovery
goals and objectives, describe site-specific management actions recommended to achieve those
goals, and estimate the time and cost required for recovery. A recovery plan does not commit
resources, but instead presents a comprehensiveframeworkandlist of tasks that are thought to
be necessary to achieve recovery. This plan has been approved by the U.S. Fish and Wildlife
Service(Service),but maynot reflect theviewsof otherpartiesinvolved in recovery.

The SpectacledEiderRecoveryTeamcurrentlyconsistsof 7 memberswith a variety of
expertisein SpectacledEider(Somazeriafischeri)biology, conservationbiology, population
biology, marine ecology, Native Alaskan culture, and wildlife management. In addition to the
core Recovery Team members, 4 consultants were appointed to assist the Team. The
consultantsbroughtto theRecoveryTeam expertise in Spectacled Eider field research,
Alaska’s habitatsandnaturalhistory,andextensivepracticalknowledgeof Alaskafield
researchtechniques.The RecoveryTeamandits consultantsmet8 timesfrom May 1993 to
December1995, to developrecoverystrategiesandrecommendations.During the
developmentof theRecoveryPlan, theTeamsolicitedinput from otherswith experiencein
Alaskawaterfowl biology andmanagement,andsubsistenceharvestpracticesand
management.

The RecoveryPlanis comprisedof four majorsections:

(1) Introduction:this sectionacquaintsthereaderwith the SpectacledEider, its status,andthe

threatsit faces. It alsoservesasa review of thebiological literaturefor thespecies.

(2) Recovery:this sectiondescribesrecoveryobjectives,criteria for delistingor for changing
the statusof SpectacledEidersbetweenthreatenedandendangered,therecoverystrategyand
its underlyingprinciples,andactionsor tasksneededto achieverecovery. Theserecovery
tasksarepresentedin a narrativeoutline, organizedby major topics, andlaid out in an
abbreviated,step-downoutline for quick reference.

(3) ImplementationSchedule:this sectionpresentstherecoverytasksfrom thenarrative
outline in tableformat, assignsresponsibilitiesfor taskfundingandor implementation,and
estimatesthe costof the recoveryprogram.

(4) Appendices:AppendixI presentsa PopulationViability Assessmentfor theSpectacled
Eider; AppendixII describeshow theRecoveryTeamselectedquantitativecriteriafor
reclassifyingSpectacledEiders;Appendix III discussesSpectacledEider demographyand
presentsa demographicpopulationmodel; Appendix IV outlinesrecommendedprotection
measuresfor SpectacledEiders;and AppendixV containsresponsesto reviewercomments.
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A. Status of the SpectacledEider

Reasonsfor Listing

The Servicerespondedto a December1990petitionto list theSpectacledEiderasendangered
by conductinga review of thespecies’status. After evaluationof availablescientificand
commercial information and public comments, the species was designated as threatened on
May 10, 1993 (Federal Register 58(88):27474-27480). The primary reasons for listing
Spectacled Eiders were their rapid and continuingdeclineon theYukon-KuskokwimDelta
(YKD) breeding grounds (a major nesting area) (Dau and Stehn 1991; Stehn et al. 1993) and
indicationsthat they mayhavedeclinedon Alaska’s North Slope(NS) aswell.

Statusand Trends

Spectacled Eiders are known to breed in three primary locations: the YKD, the NS, and
Arctic Russia (AR) (Figure 1). Limited nesting may also occur on St. Lawrence Island and
the Seward Peninsulain Alaska(PayandCade1959). The Spectacled Eider was listed as
threatenedprimarily on thebasisof Serviceestimatesthat thenumberof nestingpairson the
YKD haddeclinedfrom approximately47,740pairsin theearly 1970sto 1,721 by 1992—a
rapid andcontinuingdeclineofover 96% overall (Stehnetal. 1993) (Figure2). Numbersof
nestingSpectacledEiderson theKashunukRiver (YKD) declinedby morethan 75% from
1969-1992(Ely et al. 1994). Corroboratingevidencefor thedeclinecamefrom aerialand
groundsurveysconductedsince1985 that indicatedthat theYKD breedingpopulationwas
continuingto declineby 9-14%/yearthrough1992 (ibid; Figure3). From 1992-1995,these
surveyssuggestedthat theYKD breedingpopulationmayhaveat leasttemporarilystabilized.

In theearly 1970s,biologistsestimatedthatapproximately60% of thespecies’population
nestedon the YKD (DauandKistchinski 1977); historicalpopulationestimatesfor theNS and
AR werehighly tentative,however,so this estimatewaslikely inaccurate. Informationfrom
researchersin thePrudhoeBay oilfields (WarnockandTroy 1992)and Nativeeldersat
Wainwright (R. Suydam,pers.comm.) suggestlocal populationdeclineson theNS. Although
no dataareavailablefor examiningoverall trendson theNS or in AR, surveyswererecently
completedin both areas. Aerial surveysof theNS providedpopulationestimates(uncorrected
for visibility) of >9000,7000,and7500for 1993-1995,respectively(W. Lamed,pers.
comm.). The breedingdistributionof theAR populationis extensiveandeffortsover three
breedingseasonswererequiredto completea comprehensivesurvey. The minimum estimate
(uncorrectedfor visibility) exceeded140,000birds (HodgesandEldridge 1995).
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SPECTACLED EIDER
Breeding Distribution

Distinct Breeding Populations
——

Current Breeding Range
Historical Breeding Range

Figure 1. Breedingdistribution of Specta~ledBiders. Historical breedingrange (cross-batching)is basedon
anecdotalinformation from various sources. Current breedingrange (heavyoutlines) indicatesareaswhere recent
surveyshav, confirmed current breedingpair occurrence. Low.densitybreedingmay still occur outsidetheseareas.

— AU historical range exceptSt. Lawrence Island hasbeensurveyedat leastoncesince 1992. Breeding range appears
to be less extensivethan it washistorically in all three populations~ Dashedlines encircle the three distinct breeding
populations. For purposesof this recovery plan, any nestingbirds on St. Lawrence Island and the SewardPeninsula
will be classifiedwith the North Slopepopulation. (Figureby P. Gallagher).
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Figure2.Long-termpopulationtrendsfor SpectacledEiderson theYukon-KuskokwixnDeltabasedontheNorth
AmericanWaterfowlBreedingPairSurveyandnestplots. Thebreedingpair surveyis anaerialstrip transectsurvey
that combinesobservationsof Spectacled,Common,andSteller’seiders. Theestimateoftotal indicatedbirds,twice
thesinglespluspairsobserved,wasnotcorrectedfor incompletevisibility. The 1986-1995estimatesfornestswere
derivedby searchingrandomlylocatedplotsin thecentralcoaststrataandexpandingby theinverseproportionofthe
aerialobservationswithin thesampledarea(seeStebnetal. 1993). The 1972nestpopulationestimate(Dauand
Kistcbinski1977)wasextrapolatedfrom densitiesin pre-1973studyplots. (Figureby R. Stebn)
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Figure3. Recentpopulationtrendsfor SpectacledEiderson theYukon-KuskokwimDeltabasedon intensiveaerial
surveysandrandomgroundplotsampling. Since1988,anintensiveaerialsurveyflown on thecoastalfringehas
monitoredeiderpopulations.Theindexcombinedsinglesorpairsobservedfor Spectacledandunidentifiedciders
andwasnotcon-ectedfor incompletevisibility; mostunidentifiedeiderswereprobablySpectacledEiders. The 1986-
1995 estimatesfor nestswerederivedby searchingrandomlylocatedplotsin centralcoaststrataandexpandingby the
inverseproportionoftotalaerialobservationswithin thesampledarea. Expansionin 1986 and 1987 wasbasedon
theaverageof 1988-1991aerialobservations.(Figureby R. Stehn)
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B. Causesfor Declineand Obstaclesto Recovery

Factors known to affect or suspected of affecting Spectacled Eider survival, both on the
breeding grounds and at sea, have been identified; however, the relative importance of these
factors to the species’ decline and to recovery are not known. A brief discussion of these
factors follows; for a description of how they are addressed in the plan, see the Strategies for
Recovery section. The cause(s) of the decline are factors that affect the dynamics of the
population in such a way that they contribute substantially to a lowering of the population size.
Obstacle(s) to recovery are factors thataffect the dynamicsof thepopulationin such a way that
theypreventor substantiallyretardrecoveryof thepresentpopulationto a higher,desired
level.

FactorsAffecting Survival on the BreedingGrounds

The extentandcausesofpopulationdeclinesor extirpationsdirectlyrelatedto breeding
groundsaredifficult to assessbecausehistoricaldataarelacking for manybreedinglocations.
Evenon theYKD, which isa major, historical nestingareafor thespeciesthathas received
the mostattentionfrom biologists,long-termvariationin theintensityofvarioussourcesof
mortality is not well-documented.Severalof thefactorsdiscussedhereareknown to affect
survivalduringthenestingseason,but it is not yet clearwhethertheyplayeda prominentrole
in theSpectacledEider’spopulationdecline.

Thedepositof leadshot in habitatsusedfor foraging isa threatto SpectacledEiders. An eider
wasfound with ingestedleadshoton theYKD in 1978 (C.P. Dauin Fransonet al. 1995),and
confirmedmortalitiesdueto leadingestionwererecordedin 1992-1994(Fransonet al. 1995).
Leadhasbeendetectedin bloodsamplesandingestedleadwas found on x-raysof Spectacled
Eiderson theYKD (P.L. Flint, pers.comm.;J.B. Grand,pers.comm.;M.R. Petersen,pers.
comm.). Birds dying ofleadpoisoninghavebeenconfirmedfrom two locationson the YKD
(Fransonet al. 1995),but it is not known how commonor widespreadthis problemison the
YKD or elsewhere.

Onthebreedinggrounds,predatorsof SpectacledEider eggs,young,and (to a lesserdegree).
adults, includeArctic Foxes(Alopexlagopus),RedFoxes(Vulpesfulva),largegulls (Larus
spp.), jaegers (Stercorariusspp.), and Snowy Owls (Nycteascandiaca). Stehnet al. (1993)
suggested that predationon the YKDpopulation may have been more pronounced since the
early 1980sandcontributedto the long-term population decline. Foxes may have increased
becauseofreducedtrappingeffortsby local people. In addition, anestimated85% long-term
declinein 4 goosespecieson theYKD (O’Neill 1979; Raveling1984; King andDerksen
1986) couldhaveshiftedpredationpressureto otherspeciessuchas SpectacledEiders. On
theNS, Nativeeldersbelievethat fox numbershaveincreasedin recentdecadesasa resultof
reducedtrapping(R. Suydam,pers.comm.). In theNS oilfields, foxesobtain supplemental
food from human-generatedfood supplies(D. Troy, pers.comm.). Similarly, populationsof
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largegulls may havegrown asa resultof increasedfood suppliesfrom anthropogenicwastes.
Commercialfisheriesin theBering SeaandNorth Pacific have expanded, and the amount of
garbagegeneratedby coastalcommunitieshasincreased;both fishery andvillage wastes
increase the year-round food supply for gulls (R. Suydam, pers. comm.). Grand (pers.
comm.) observed a four-fold increasein SpectacledEider nestsuccesswhen Mew Gulls (Larus
canus)were controlled. However, a recent study of Glaucous Gull (Larushyperboreus)
predation in the Hazen Bay area of the YKDsuggested that these gulls were not consuming
Spectacled Eider ducklings (T. Bowman, pers. comm.)

Although demographic analyses indicate that eider population growth rates are most affected
by changes in adult survival (Appendix Ill), chronicallyhigh levelsofpredationon eggsand
ducklings may have exacerbated the Spectacled Eiders’ decline on the YKD. Even if predation
was not the principal cause of the population decline, it remains an obstacle to recovery.
Local control of predatorsprovidesa tool to maintaineiderproductionatspecificsites,at least
in the short term.

Direct take of Spectacled Eiders by humans is another potential cause of the decline.
Waterfowl, including Spectacled Eiders, were traditionally harvested by Alaska Natives from
coastal villages in Alaska, particularly in the spring (Klein 1966; Johnson 1971). In recent
years, fall harvest and egg collecting have been minimal for Spectacled Eiders (Dau 1974; C.
Wentworth, pers. comm.; Braund et al. 1989a, 1989b). Although the human population on
the YKDhas grown substantially, changes in the numbers of active hunters are unknown.
Similarly, availableharvesttechnologieshavebecomeincreasinglyefficient, but theactual
effectsof newtechnologieson harvestlevelsareunknown.

Although Klein (1966) estimatedeiderharveston the YKD in 1964, theharvestwasnot
identifiedto thespecieslevel. In addition, his methodologiesfor both datacollectionand
analysesdiffered substantiallyfrom thoseusedin thecurrentsurvey(C. Wentworth,pers.
comm.). As a result, no conclusions can be drawn concerningtrendsin the harvest of
Spectacled Eiders on the YKDover the last 3 decades. The estimatedharvestfrom 1985-1995
averagedabout272 birds/year(C. Wentworth,pers.comm.). As thepopulationdeclinedover
this interval, however, thisrelatively small harvestcomprisedan increasingpercentageof the
YKD nestingpopulation(up to almost10% ofthe total YKD populationin 1992). Dueto the
sensitivityof eiderpopulationsto adult mortality rates(AppendixIII), especiallyif survivalor
recruitmentaredepressedby othercauses,continuingharvestis an obstacleto recovery.
Overharvest of CommonEiders (Somateriamollissima)hasresultedin theextirpationof local
populations in Canada (Cooch 1986).

Probably few Spectacled Eiders are taken during the nesting season on the NS (R. Suydam,
pers. comm.). There are no quantitative estimates of the harvest in AR, but A. Degtyarev
(pers. comm.) suspects that 10% of the population is shot annually. Without more information
on Spectacled Eider population biology, researchers will be unable to determine whether this
level of harvest is sustainable.
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Increasing interest in avicultural egg collecting was reflected in theincreasingnumbersof
permit applications in the five yearsbeforeaviculturalcollectingof SpectacledEidereggswas
banned in 1991 (J. Sheridan, pers. comm.). The reported take of eider eggs for avicultural
purposes in those five years--all from the North Slope--did not exceed 150 eggs/year;
however, the actual take may have been twice this number (ibid).

Many residents of rural communitieswithin the breedingrangeof SpectacledEiderssuspect
that the activities of researchers negatively affect breeding waterfowl. Although theimpactof
research is probablyminimal at thepopulationlevel, investigationscan be disruptive, and a
few casesof researcher-inducedmortality haveoccurred. Despitethedevelopmentof
protocolsto minimize impacts,thecumulativeeffectsofresearchactivity on SpectacledEiders
havenot beenadequatelydocumented.

Investigationsofeiderecologyin AlaskaNS oilfields areongoing(WarnockandTroy 1992;
RitchieandStickney1991; Andersonet al. 1991, 1992a, 1992b; BurgessandStickney 1992;
Murphy andAnderson1992b; TERA 1993, 1995; Smith et al. 1994; AndersonandCooper
1994; Andersonetal. 1995; Johnson1995; AndersonandJohnsonin press). In theoilfields,
the distributionof SpectacledEidersduringthe nestingseasonwas alteredin responseto noise
from a compressorplant (Andersonet al. 1992b). In preliminary samplingatPrudhoeBay,
WarnockandTroy (1992) found thatSpectacledEidersandtheir nestswereneithercloserto
nor fartherfrom oilfield facilities thanexpectedfrom randomsampling,with theexceptionthat
waterimpoundmentsadjacentto facilities supportedabove-averagedensitiesofbirds. Mining
andpetroleum-relatedactivity alsooccurin SpectacledEider breedinghabitatin AR
(Tichotsky 1991),but the extentof thesedevelopmentsand theiroverall impactsareunknown.

FactorsAffecting Survival At Sea

Threats at sea, both known and potential, represent the greatest source of uncertainty in
understanding the Spectacled Eider’s decline. This uncertainty reflects the lack of information
about at-sea distributionandecology. Forexample,competitionfor food with other species of
seaducks, marine mammals, and possibly fishes could decrease the carrying capacity of winter
habitats for Spectacled Eiders. Pacific Walrus (Odobenusrosmarus)and Gray Whale
(Eschrichtiusrobustus)populations may have tripled in size from 1960 to 1980 (Fay et al.
1989), and may have adversely affected food resources used by Spectacled Eiders. Fay et al.
(1989)hypothesizedthat fluctuationsoccurringin marinebird populationsin theBering Sea
maybe theresultof a complexof changesin fish and invertebratepopulations.

Eidersmaybeaccumulatingenvironmentalcontaminantsfrom sourceswithin the marine
environment thatcausemortality, reducepropensityfor nesting,reduceproductivity, or reduce
juvenilesurvival. Forexample,preliminaryanalysisof tissuesfrom a small sampleof birds
suggests that some Spectacled Eiders may carry elevatedlevelsof cadmium,selenium,and
strontium (K. Trust, pers. comm.). However, baseline levels of these elements have never
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beendeterminedfor ecologicallyor physiologicallysimilar species.At present,dataare
lacking to quantify the magnitude and impacts of contaminants on Spectacled Eiders and their
habitats.

There are also few data on human harvest levels away from the breeding grounds. Spectacled
Eiders are taken by subsistence hunters during migration along the coast of northwestern
Alaska (Johnson 1971; Braund et al. 1989a, 1989b) as well as in Bering Strait and near St.
Lawrence Island (J. Cochrane, pers. comm.). Sport hunters also harvested Spectacled Eiders
before 1991, primarily near St. Lawrence Island. On the only sport hunt during which
quantitative data were gathered (fall 1990), 137 Spectacled Eiders were taken by two hunters
[or “one hunting party”] (C. Dau, pers. comm.). Neither the number of hunters participating
in this type of hunt nor the numbers of years during which this sport harvest occurred is
known.

Diseases and parasites may act synergistically with other stress factors to increase mortality
rates at sea, where eiders may experienceprolongedenvironmentalstress during winter and
spring storms. Little is known about diseases and parasites in Spectacled Eider populations.
Dau (1974)believedjuvenilebirds sufferedsubstantialmortality duringtheirpost-fledging
transition to salt-water habitats, due in part to stress from parasite loads.

Commercial fishing may impact Spectacled Eiders by disturbingbenthicfeedingareas. In
addition, accidental strikes affecting “hundreds” of unidentified eiders have been reported from
the winter crab fishery in the northern Bering Sea (S. Tuttle, pers. comm.). Trawlers
operating in Russian waters may be accidentally catching eiders in fishing nets or removing
foods important to Spectacled Eiders. In summary, many potential threats to Spectacled
Eiders in the marine environment have been suggested, but due to a lack of research, few have
been confirmed.

C. Current Management

U.S. Fish andWildlife Service

The Servicehasimplementednumerousconservationmeasuresfor SpectacledEiders. These
includeprotectingbirds nestingnearactivitiesthatarefederally funded,authorized,or
conducted(throughSection7 consultations)and overseeingSpectacledEiderresearchand
managementactivities (throughintra-ServiceSection7 consultationsandSection10
endangeredspeciespermitting). Forexample,standardprovisionsto locateandavoid impacts
to nestingandbrood-rearingbirds havebeenimplementedsuccessfullyin theNS oilfields
(AppendixIV).
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OtherconservationmeasuresincludeimplementingandenforcingMigratory Bird TreatyAct
regulationsto reduceopportunitiesfor takeof SpectacledEiders. Avicultural eggcollecting
andsporthuntingofSpectacledEiderswereprohibited in 1991, in responseto thelisting
petition. In responseto illegal takeof SpectacledEidereggsby aviculturalistsholdingpermits
to collectothereiderandduckspeciesin 1992and 1993, theServicebannedall aviculturalegg
collectingin Alaskain 1994. Violationsof theclosedhunting seasonin 1991 (for sportand
taxidermy)werealsosuccessfullyprosecutedunderthe Migratory Bird TreatyAct before
SpectacledEiderswerelisted asthreatened.

Leadpoisoningresultingfrom ingestion of spent lead shot was determined in 1995 to be a
significantproblemfor breedingSpectacledEidersandtheir ducklingson theYukon Delta.
Sincethattime, theServiceandADF&G haveinitiatedefforts to eliminatetheuseof leadshot
in SpectacledEiderbreedinghabitat. Non-toxic shoteducationin villagesandmeetingswith
Native organizations to inform them of the lead problem have been increased, and negotiations
have begun to establish a date beyond which lead shot use will be eliminated in Spectacled
Eider nestinghabitat. Significantprogresstowardstheultimateelimination of leadshotwas
madeat theMarch 1996, meetingof theWaterfowlConservationCommitteeof the
Associationof Village Council Presidents.The Committeedrafteda resolutionrecognizing
theproblemof spentleadshotingestionby SpectacledEidersandencouragingtheuseof
shotgunshellscontainingnon-toxicshot. After considerationby residentsof Yukon Delta
villages, this resolutionwill be consideredfor passageat thenextCommitteemeeting. Once
theresolutionis passed,languageencouragingtheuseofnon-toxicshotwill be incorporated
into the Yukon-KuskokwimDelta GooseManagementPlan.

Section10(e)of theEndangeredSpeciesAct exemptsAlaska Nativesandpermanentresidents
of Alaska Nativevillagesfrom prohibitionsagainsttaking listed species.Specialregulations
can bepromulgatedto restrictsubsistenceharvestundertheEndangeredSpeciesAct if such
takeis determinedto threatenthe species,but only after affectedcommunitiesareprovided
public hearings. Suchregulationsmaybecomeappropriatefor SpectacledEiders if harvestis
not effectively eliminatedby voluntarymeans.

To date,measuresto reducesubsistenceharvestof SpectacledEidershaveconcentratedon
providing information andeducation(I&E) aboutthespecies’plight andtheclosedseason
policy undertheMigratory Bird TreatyAct. In 1993, SpectacledEiderswereaddedto the “no
take” provisionsof theclosedseasondiscretionarylaw enforcementpolicy for thesubsistence
takeof migratorybirds. The Servicehasreliedon both formal andinformal communications
to elicit voluntaryrestrainton harvest. I&E activitieshaveincludedextensivevillagevisits by
Serviceemployees,mailings,posterandleafletdistribution,public serviceannouncements,
videoproductions,and televisionandradioappearances.In thefuture, theI&E programwill
benefitfrom increasedinvolvementand ownershipof therecoveryeffort by AlaskaNatives,as
describedin this plan.



Following thelisting petition(December1990)andaworkshopon eidersheld in Anchorage
(February1991), theneedfor a concertedsurveyandresearcheffort for SpectacledEiders
becameapparent. In 1992, theServiceestablishedanEiderWorking Groupmadeup of
ServiceandAlaskaDepartmentofFishandGame(ADF&G) biologists. This groupprovided
recommendationsfor newsurveyandresearchprojects,including theNS aerialsurvey,YKD
satellitetelemetry,nesting,andsurvivorshipstudies,andcooperativestudieswith Russian
biologistson theIndigirka Delta. The Eider Working Groupevolvedinto a SeaDuck
Working Groupin early 1993buthasbeenlargelyinactive following establishmentof the
SpectacledEiderRecoveryTeamin May 1993.

OtherFederalAgencies,StateAgencies,andNative Organizations

In addition to theService,two otherfederalagenciesin AlaskamanagelandswhereSpectacled
Eidersnest:theBureauof Land Management(BLM--NationalPetroleumReserve-Alaska
(NPRA)) andtheNationalParkService(NPS--BeringLandBridgeNationalPreserve).The
BLM initiateda landcoverclassificationprojecton the NPRA that includedexaminationof
SpectacledEider nestinghabitat in 1994 (D. Yokel, pers.comm.).

While the Stateof Alaskahasnot conductedanyprojectsspecificto SpectacledEiders,
ADF&G biologistshavebeendirectlyinvolved in theService’seiderprogramthroughtheir
participationon theEider Working GroupandSpectacledEiderRecoveryTeam. In addition,
SpectacledEider concernshavebeenincorporatedin Stateplans,permits,andactionsrelated
to land uses,developmentimpactassessments,andspecialareamanagementprograms. The
State’ssteelshoteducationprogramandnon-toxicshotregulations(1991) havedirect
conservationbenefitsfor SpectacledEiders.

The North SlopeBorough,which encompassestheentire NS breedingrangeof Spectacled
Eiders,alsohasbeeninvolvedin the working groupandrecoveryteam. The North Slope
BoroughDepartmentofWildlife Managementhas initiatedtwo eiderstudiesin cooperation
with ServicebiologistsandconductsotherstudiesnearBarrow from which SpectacledEider
dataareobtained. The two eiderstudiesare: (1) migrationcountsat Barrow; and(2) nesting
researchfocusedon Steller’sEiders(Polystictastellen)thatprovidesinformationon
SpectacledEidersaswell. The North SlopeBoroughis considereda keypartnerin eider
conservationon theNS.

The YKD regiondoesnot havea regionalgovernmentequivalentto theNorth SlopeBorough.
However,theAssociationof Village Council Presidentshassupportedthe recoveryeffort by
providinga representativeto therecoveryteam. TheTraditionalVillage Councils in Gambell
andSavoongaon St. LawrenceIslandhavecooperatedwith I&E programsin their
communitiesandhaveofferedtheir cooperationon future at-seasurveysandcontaminants
collectionprojects. Finally, thecontributionof individual Alaskansto the eiderrecovery
programis worth noting, particularlyNativehunters(from Barrow, Savoonga,Unalakeet,and
Wales)who on separateoccasionsrescuedandcaredfor injuredSpectacledEidersuntil they
couldbe releasedor transportedfor rehabilitation.
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D. Natural History of the SpectacledEider

Nomenclatureand Description

Seaducks,waterfowl thatspendat leastpart oftheirlives at sea,area subgroupoftheSubfamily
Anatinae,Family Anatidae. Within thesubfamily, taxonomistsgroupthewaterfowl speciesinto
tribes,but while DelacourandMayr (1945)originally placedtheeiders(Tribe Somaterini)in a
separatetribefrom otherseaducks(TribeMergini), Johnsgard(1960)and othershavegrouped
themtogetherunderTribe Mergini.

Many speciesofMergini spendpart orall oftheirlives in northern(arctic andsubarctic)regions;
theseincludeKing Eiders(Somateriaspectabilis),CommonEiders(Somateriamoiissima),
SpectacledEiders(Somaterzafischeri),andSteller’sEiders(Polystictastelleri). In Alaska, all
foureiderspeciesbreedalongthearcticcoastalplain oralongthecoastofwesternAlaskaand
migratesouthto winteringareasin theBering Sea,AleutianIslandsandGulfofAlaska.

The SpectacledEider, a large-bodiedseaduck, is oneof threespeciesin thegenusSomatena.
Originally, Common,King, andSpectacledEiderswereplacedin threemonotypicgenera
(Brandt 1847) beforetheir closeaffinities resultedin their currentplacementin Somateria
(Humphrey1958;Johnsgard19Mb; AOU 1983).

The maleSpectacledEider hasagreencrownand napewith a long, slopingforehead,large
anddistinctivewhite eyepatches,a charcoal-coloredchest,anda white back(Palmer1976).
Body plumageof the maleSpectacledEider mostcloselyresemblesthatof thelargerCommon
Eider. Femalesof all threeSomateriaspecieshavesimilar body plumage,with only slight
differencesin headcolorationandshape.Juvenileandadult femaleSpectacledEidersare
barredandmottled brown with indistincteyepatches. The iris of both sexesis blue, andthe
bills of adult malesandfemalesareorangeand bluish-grey,respectively.

DistributionandAbundance

Historically, Spectacled Eiders nested discontinuously from the Nushagak Peninsula of
southwestern Alaska north to Barrow and east nearly to the Yukon Territory of Canada
(Phillips 1922-1926; Bent 1925; Bailey 1948; Dau and Kistchinski 1977; Derksen et al. 1981;
Gamer and Reynolds 1986; Johnson and Herter 1989) (Figure 1). They also have nested on
St. Lawrence Island (Fay 1961). Along the arctic coast of Russia, Spectacled Eiders nested
from the northern side of’the Chukotsk Peninsula west to the Lena River Delta and the
Novosibirski Islands (Buturlin 1910; Dementev and Gladkov 1952; Portenko 1972; Kistchinski
1973).

Today, primary nesting grounds of the Spectacled Eider are the YKD (Figure 4) and the NS
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(CapeSimpsonto the SagavanirktokRiver) of Alaska(Figure5), andin the ChaunGulf and
on the Kolyma, Indigirka, and Yana river deltas of AR(Figure 6). Breeding Spectacled
Eiders were formerly commonin smallpatchesof suitablehabitatin northwesternAlaskafrom
NortonSoundto KotzebueSound(Nelson 1887; Bent 1925; Bailey 1948), where they now are
rare or absent (Kessel 1989). Local residents report they can still be found nesting on St.
Lawrence Island (J. Cochrane, pers. comm.) (Figure 1).

The distribution of Spectacled Eiders during the 8-to-l0-month non-breeding season was
poorlyunderstooduntil recentstudiescombiningsatellitetelemetry(Petersenetal. 1995) and
aerialsurveytechniques,documentedlocationsusedby SpectacledEidersduringthis period
(Figure7). Post-breedingflocksof stagingandmolting SpectacledEidersweresurveyedin
MechigmenanBay, on theeasterncoastof Russia’sChukotskPeninsula(W. Larned,pers.
comm.);Alaska’sLedyardBay, southwestof PointLay (W. Lamed, pers.comm.);PeardBay
(Laing andPlatte1994; W. Lamed,pers.comm.);NortonSound(LamedandMcCaffery
1993; W. Lamed,pers.comm.),and 80 km southof St. LawrenceIsland(W. Lamed,pers.
comm.). Lamed(pers. comm.) hasfound eidersisolatedin relatively small areasin both
LedyardBay andNortonSound. Preliminaryinformationsuggestsmalesfrom theYKD and
AR useall major molting/stagingareas(M.R. Petersen,pers.comm.). Femalesfrom the
YKD werefound in Norton Sound(Petersenet al. 1995); femalesfrom the NS werefound in
the othermajor molting/stagingareas(M.R. Petersen,pers.comm.).

In MarchandApril 1995, the combinationof satellitetelemetry(Petersenet al. 1995)and
aerialsurveytechniques(W. Lamed,pers.comm.) helpedbiologistsdiscoverSpectacled
Eidersin latewinter. Information from a singlesatellitetransmittersignal from a female
SpectacledEider directedbiologiststo an area110 km NNEof St. MatthewIslandin thenorth
centralBering Sea. In March, they found large, denseflocksof SpectacledEidersin small
holesin thenearly-continuousseaice. SpectacledEiderswereseenin the samevicinity in
April, but observershadtheimpressionthat openwaterwasmoreabundantandSpectacled
Eidersweremore sparselydistributed.

DauandKistchinski (1977) estimatedtheworld’s breedingpopulationof SpectacledEidersat
about100,000pairsin theearly 1970s. Becauseof a lackof datafrom mostof thespecies’
breedingrange, this preliminary estimatewasderivedby determininglocal densitiesat a few
sites,andthenextrapolatingrange-wide. In recentyears,however,morequantitative
estimateshavebeenobtainedin all 3 major breedingareas.

Populationestimatesfor theYKD, NS and AR havebeencalculatedbasedon datafrom aerial
surveys. On theYKD, the dramaticpopulationdeclineover thelast 2 decades(Stehnet al.
1993) hasresultedin an uncorrectedpopulationestimate(i.e., not expandedby a visibility
correctionfactor)of fewer than 3,000breedingpairsin eachof thelast 4 years(Stehnetal.
1993; R. Platte,pets.comm.). In 1993, 1994, and 1995, a broad-scalefixed-wing survey
yieldeduncorrectedestimatesfor the arcticcoastalplainof greaterthan9000, 7000, and7000
total birds, respectively(LamedandBalogh 1994; G. Balogh,pers.comm.).Datafrom
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Figure 4. Yukon-Kuskokwim Delta locationsof SpectacledEiders basedon aerial surveys 1988-
1995(seeStebnet al. 1993for methods). Sampletransects on thecentral coast, where most
SpectacledEiders nest, are spaced1 mile apart. On more inland, northern and southernstrata,
survey effort is less intensivewith transects2-8 miles apart. The dark boundaiy line represents the
easternboundary ofthe aerial survey area. SpectacledEiders may alsonest farther south onthe
coasttoward Kuskokwim Bay, outsidethe survey area. (Figure by R. Platte).
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Figure5. North Slopebreedingrangeandpoint locationsofSpectacledEidersbasedon mid-Juneaerialsurveysin 1993-1995.Methodsare
similar to thoseusedon YKD aerialsurvey,with 2.5 nauticalmile spacingbetweentransectsandcoveragealternatingbetweenadjacent
transectsannually(e.g.,only halfofthetransectsflown eachyear)(W. Lamed,pers.comm.). The southernboundaiyofthesurveyareais
shown. (Figureby G. Balogh).
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SPECTACLED EIDER RANGE
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FIgure6. Arctic Russiabreedingrangeof SpectacledEidersbasedon aerialsurveys1993-1994.SpectacledEiderswereobservedwithin thesurveyarea
indicatedin thisfigure. Eachareahasbeensurveyedonly once,sodataareinsufficientto mapeiderdensity. (Figureby J. Hodges)
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Non-Breeding
Distribution

SPECTACLED EIDER ~con~irmei major molting and staging areas

~Major wintering arealocated in 1995
~ Recentfall molting or stagingobservations
0 Molting observationsfrom Dau and

Kistchinski (1977)
=:7Unconfirmedwinter observations

~kz~JPolynyas;potential mid-winter range

Figure 7. Non-breedingdistribution of SpectacledEiders. Significant numbersof the Arctic Russiabreeding
population molt offshoreand eastwardofthe Indigirka Delta. A few extra-limital winter records exist for the Alaska
Peninsula, Kodiak Island, and Katchemak Bay in lower CookInlet. Polynyas are mappedgenerally; ice-freeareas
vaiy annually. Thesouthernlimit of thepackiceat mid-wintermay extendsouthof thePribiofIslands,off this map.
(Figureby P. Gallagher)
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helicopter surveys in the Prudhoe Bay region, expanded to the entire arctic coastal plain
yielded an uncorrected estimate of 16,000 total birds in 1993; this is an underestimate of total
birds because the density of Spectacled Eiders is lower in Prudhoe Bay than in otherareasof
the arctic coastal plain (TERA 1993).

Aerial surveys of the eider’s entire current breeding range along the arctic coast of eastern
Russia were conducted in late June 1993 and 1994. Combining data from these surveys
between the Kolyma River and Kolychin Bay (1993)and-Kolyma and Lena River deltas (1994)
suggests that there may be > 140,000 birds in AR(Hodges and Eldridge 1994, 1995).

Life History andEcology

Life history characteristicsincludesurvivorship,fecundity,ageat first reproduction,frequencyof
reproduction,andlifespan. Thesetraitsvary with changesin populationsandtheirenvironments.
A suiteof life historycharacteristicscanbe referredto asalife history strategy.

Importantinfluenceson life history strategiesof northernseaducksaretheextremeenvironmental
conditionsin bothbreedingand non-breedingenvironmentsandthehigh degreeofvariability both
within andbetweentheseenvironments.The timing, lengthandclimateofthebreedingseason
variesfrom yearto year in northernregions.Life cyclesofnorthernmarinebirds (timing of
arrival on breedinggrounds,reproductivecycle,and migration)aredirectly affectedby seasonal
changesin thehydrologicaland hydrobiologicalconditions(Uspenskii1984). Thetiming ofsnow
melt, andthebreakupofseasonalice in marinewatersalong migrationroutesandin freshwater
pondsonbreedinggroundscanvary by severalweeksfrom yearto year. This increasesthe
potential for delayedavailabilityof nestinghabitat,reducedclutch sizes,andnon-breeding
(Barry 1960, 1967; Cooch1965; Ryder 1967;KistchinskiandFlint 1974).

Seaducksmustbe adaptedto life at seaandon land, andto both marineandfreshwater
environments. Different strategiesfor foraging,locomotion,waterbalance,andthermoregulation
arerequiredin eachoftheseenvironments.Furthermore,life in northernregionsrequires
specializedadaptationsto extremetemperaturesandto largevariationsin weatherand
temperature.For example,anorthernseaduck mustbe ableto maintainits bodytemperaturein
temperaturesfrom <-500C(<-580F) duringsevereweatherin winteringareas,to >150C(>600F)
duringthesummer.

Basiclife historyinformationis lacking for manyofthe seaduck species.The available
informationindicatesthatseaducksarelong-lived,annualadult survival is high (in ahealthy
population),annualrecruitmentto breedingageis low, annualbreedingratesandsuccessis
variable,clutchsizeis small, andsexualmaturity is deferred(Goudieet al. 1994). Ecologists
referto specieswith this suiteofcharacteristicsas“K-selected” (Wilson 1980). This typeof
strategyminimizestheimportanceofannualinvestmentin reproductionandmaximizesthe
importanceofannualsurvival; populationstabilityis dependenton high adult survivalandafew
successfulyearsof reproduction(ibid.).
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Summerin northernregionscanbehighly productivebecauseoflong hoursofsunlight. Although
thelengthofthearcticsummercanvary from yearto year,it is relatively short. Ducklingsmust
be readyto leavethebreedinggrounds,transitionto themarineenvironment,andundertake
migrationsby theendofthis shortseason.If nestinitiation is late in agivenyearbecauseof
climatic conditions,thelikelihood ofreproductivesuccessis low. Therefore,thereis agreater
likelihood offailed breedingoccurringin anygivenyear,asaresultofdelayedonsetofbreeding,
thantherewould be at moresoutheriylatitudes. A life history strategythat favorsadult survival
andalongerlifespan(“K-selected”)ratherthanhigh productivityanda shortlifespan(“r-selected
strategy”)may resultin greatertotal lifetime productivity (Goudieet al. 1994).

Managementfor recoveryofdecliningeiderpopulationsis difficult becauseK-selectedlife history
waits maylimit therateofrecovery. Small clutchsize,low ratesofannualreproductionandlow
annualrecruitmentto breedingpopulationmay resultin slow populationgrowthevenin the
absenceofthreats. Informationaboutlife history characteristicscanguideresearchersin testing
hypothesesaboutcausesofpopulationdeclines.

Our knowledgeof thelife history andecologyof the SpectacledEider comesfrom anecdotal
accountsin earlyyears(Turner1886; Nelson 1887; Dufresne1924; Murie 1924;Conover
1926; Gillham 1941, 1942;Brandt 1943;Bailey 1948; Johnsgard1964a;Portenko1972)and
formal studiesin recentyears(Dau 1974; KistchinskiandFlint 1974;Mickelson 1975;
HarwoodandMoran 1991; KondratevandZadorina1992;WarnockandTroy 1992; Harwood
andMoran 1993; TERA 1993; AndersonandCooper 1994; MoranandHarwood 1994; Smith
etal. 1994; Andersonetal. 1995;Johnson1995; Moran 1995; TERA 1995; J. B. Grand,
pers.comm.).

On theYKD, SpectacledEidersareprimarily dispersednesters,oftenassociatedwith other
waterbirdspecies(Dau 1974; Strang1976). Johnsgard(1964a),however,found Spectacled
Eider nestsclumpedat somesiteson theYKD, suggestinga degreeof “incipient colonialism.”
Nestsaresusceptibleto both avian andmammalianpredation,which variesboth annuallyand
geographicallyon the basisof predatorandprey densities(KistchinskiandFlint 1974; C.
Harwood,pers.comm.;T. Moran,pers.comm.;J.B. Grand,pers.comm.).

On the Indigirka andChaunRiver deltasin AR, mostSpectacledEidersnestsemi-coloniallyin
associationwith gull or tern colonies;theynestlessoftenasdispersedsinglebirds (Kistchinski
andFlint 1974; KondratevandZadorina1992). As on theYKD, theynestnearwaterandare
vulnerableto predation(KistchinskiandFlint 1974). On theNS, SpectacledEidersare
dispersed,low-densitynesters(Derksenet al. 1981;Warnockand Troy 1992)andarenot
associatedwith gull or tern colonies.

At leastsomefemaleSpectacledEidersexhibit strongfidelity for nestingareas(Dau 1974).
On theYKD, femalesnestedwithin 1.5 km from their previousnestsites(Dau 1974;
HarwoodandMoran 1993; MoranandHarwood1994; Moran 1995; Moran 1996). If
characteristic,this tendencyhasimportantimplicationsfor protectingandrecoveringspecific
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geographicpopulations,becauseimmigrationof breedingfemalesfrom otherpopulationsmay
occurat a very low frequency. Thispotentialproblemwould be exacerbatedif Spectacled
Eidersexhibit strongnatalphilopatrywhenrecruitinginto thebreedingpopulation. Virtually
nothingis known, however,aboutthis aspectof eiderecology.

Age at first breedinghasnotbeendeterminedbutprobablyoccursmostoftenin the thirdyear
for females,andthethird or fourth yearfor males,coincidingwith the acquisitionof definitive
plumage(Portenko1952; Palmer1976; Skakuj 1990). Breedingasearlyas2 yearsofagehas
beendocumentedamongwild (J.B. Grand,pers.comm.;T. Moran,pers.comm.)andcaptive
(G. Howe, pers.comm.) SpectacledEiders,but theextentof suchearly breedingisnot
known. Fewdataareavailableon reproductivesenescenceandoverall longevity for malesor
females. On theYKD, of2 adult femalesbandedin 1972, 1 returnedto breedwhen=7years
old, and 1 when=8yearsold (C. P. Dau,pers.comm.). A henbandedasa ducklingon the
Colville Delta in 1984 returnedto nestin everyyearfrom 1987 through 1994, but did not
returnin 1995 (J. Helmericks,pers.comm.).

SpectacledEidersarriveon thebreedinggroundspaired,often in small flocks, at breeding
areasin mid-Mayin subarctic(YKD) (Dau 1974)andin lateMay to earlyJunein arctic
portionsof their range(KistchinskiandFlint 1974; AndersonandCooper1994; Smith et al.
1994; TERA 1993, 1995). Equalproportionsof adult malesandfemalesareobservedduring
spnng migration, whereas subadults are rarely seen (Dau and Kistchinski 1977; P.L. Flint,
pers. obs.; J.B. Grand, pers. obs.). Male Spectacled Eiders begin leaving breeding areas
during incubation, and a substantial proportion have departed breeding areas by mid-June in
thesubarctic(Dau 1974; J.B. Grand,pers.comm.),andlateJunein the arctic(Kistchinski
and Flint 1974; Warnock and Troy 1992; Anderson and Cooper 1994). Males takeno role in
incubatingorbroodrearing.

On the YKD, nestinitiation by SpectacledEidersoccursapproximately7 days,andpeaks
approximately12 days,afterfirst arrival (Dau 1974). On the Indigirka Delta, andprobably
elsewherein thearctic,peaknestingmay occuras much as2 weeksafterfirst arrival
(KistchinskiandFlint 1974; D. Esler,pers.comm.). On theNorth Slopeof Alaska, peak
observationof pairsoccursin mid-June(Smith et al. 1994) andnumbersobserveddecline4-5
days later (Anderson and Cooper 1994; Andersonet al. 1995).

FemaleSpectacled Eiders lay one egg per day and begin incubation with thelaying ofthelast
or penultimateegg(Dau 1974). Incubationlasts20-25 days(Dau 1974; Kondratevand
Zadorina1992; HarwoodandMoran 1993; MoranandHarwood 1994; Moran 1995)and
typically is synchronizedbetweennestswithin a region andin a givenyear(Dau 1974; J.B.
Grand,pers.comm.). Most eggson theYKD hatchbetween25 Juneand 5 July,but hatching
may beginin mid-Juneor extendto mid-July, dependingon thetiming of snowmelt andthe
synchronyof nestinitiation (C. Dau,pers.comm.;C. Harwood,pers.comm.). Hatchingin
thearcticoccursup to 2 weekslater thanon theYKD, from mid- to lateJuly (Kistchinskiand
Flint 1974; WarnockandTroy 1992). Neststhat areinitiatedearlyaremorelikely to be
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successfulthannestsinitiated later(Dau 1974; C. Harwood,pers.comm.).

SpectacledEidersgenerallylay 3 to 6 eggs,althoughaverageclutchsizemayvary among
years and locations. On the YKD, 4 studiesreportaverageclutch sizesbetween4.7 and5.5
eggs (Dau 1974; Harwood and Moran 1991; Harwood and Moran 1993; Stehn et al. 1993;
MoranandHarwood1994; Moran 1995; Moran 1996; J. B. Grand,pers.comm.). On the
NS, 4 studiesreportaverageclutchsizesbetween3.8 and4.5 eggs(Bergmanet al. 1977;
WarnockandTroy 1992; AndersonandCooper 1994; Smith et al. 1994). In AR, 4 studies
report average clutch sizes between 4.5 and5.6eggs(KistchinskiandFlint 1974; Krechmaret
al. 1991; KondratevandZadorina1992; D. Esler,pers.comm.). Phenologicalvariation in.
weatherandhabitatavailability on theYKD resultsin fewereggsbeinglaid in yearsof
delayed nesting (Dau 1976). An exception was noted in 1993, when the earliest nesting dates
but smallestclutchsizeswerenoted(R.A. Stehn,pers.comm.).

Nestingsuccess(thepercentageof neststhatsuccessfullyhatchedat leastoneegg) on theYKD
averaged 71.4% (apparent nesting success, which may substantiallyoverestimatesuccess)from
1969 to 1973at the Onumtukstudyarea(Figure 8; Dau 1974). In 1991-1995,nestingsuccess
at Kigigak Island(seeFigure8 for location) on the YKD wasbetweenapproximately20% and
95% (HarwoodandMoran 1991, 1993;Moran andHarwood1994; Moran 1995; Moran
1996; basedon Mayfield [1961;1975] methods). The apparentlyhigh nestingsuccesson
Kigigak in 1992 mayhaveoccurredbecausefoxes hadbeeneliminatedfrom theisland by
trapping before the nesting season.Nestingsuccessat Hock Sloughwasbetween
approximately 30% and 80% in 1991-1995 (J. B. Grand, pers. comm.; Mayfield method),
with substantialfox predationon eggsrecorded. Apparentnestingsuccessduring 1991 and
1993-1995 was between 25% and 40% for birdsnestingon the NS, in the Kuparuk and
PrudhoeBay oil fields (Warnockand Troy 1992; AndersonandJohnsonin press).

KistchinskiandFlint (1974) suggestthatapparentsuccesson theIndigirka RiverDelta in 1971
was 10-15%,andthateidersnestingin closeproximity to gull nestshadhighernesting
success.Nestingsuccesson theIndigirka RiverDelta was <2% in 1994 andapproximately
27% in 1995; nestpredatorssuchasArctic Foxes,GlaucousGulls, HerringGulls (Larus
argentatus),ParasiticJaegers(Stercorariusparasiticus)andPomarineJaegers(Stercorarius
pomarinus)aresuspectedto havedepredatedmostof thenests(D. Esler,pers.comm.).
KondratevandZadorina(1992) alsorecordednearlycomplete predation of Spectacled Eider
nestsby jaegersand foxeson theChaunRiver Delta afteraJunesnow storm.

Predationby gulls, jaegers,Arctic Foxes,and (in thesub-arctic)RedFoxesprobablyaffects
thesurvivalof SpectacledEidereggsandducklingsthroughoutthespecies’range. Nest
success at Hock Slough more than doubled when MewGulls were controlled (J.B. Grand,
pers.comm.). However, no remains of Spectacled Eider ducklings were found in the stomachs
of 434GlaucousGulls sampledon theYKD in 1995, suggestingthatGlaucousGull predation
on SpectacledEiderson the YKD is insignificant (T. Bowman, pers.comm.). Nootherdata
areavailableto indicatethesignificanceof predationon the overall populationof Spectacled
Eiders.
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Figure 8. Study sitesand land status onthe central coastof the YKD. Lightly shadedareasrepresent lands
that have beenconveyed,or selectedofpossibleconveyance,to Nativecorporationsor individuals within the
Yukon DeltaNational Wildlife Refuge. (Figure by R. Platte)
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Hensmaymovethebrood up to 14 km from thenestsite by the time young fledge(J.B.
Grand,pers.comm.). However,mostbroodsareraisedwithin 5 km of wheretheywere
hatched(Dau 1974;HarwoodandMoran 1993; MoranandHarwood 1994; TERA 1995; J.B.
Grand,pers.comm.). Studiestrackinghenswith broodson a regularbasisthroughthebrood-
rearingperiodon theYKD (J.B. Grand,pers.comm.)andon theNorth Slope(TERA 1995)
suggestthatbroodsrarely movemorethan 1.5 km duringany24 hourperiod. Initial
movementsawayfrom thenestingareasmay bea responseto potentialducklingpredation
(TERA 1995)or movementstowardbetterbroodrearinghabitat.

The only quantitativemeasureof adult femaleandduckling survival is from astudy at Hock
Sloughon theYKD; over thefirst 30 daysof thebroodrearingperiodin 1993-1995,adult
femalesurvivalaveraged93%, andduckling survivalaveraged34% (Flint andGrandin
press).

Fledgingoccursapproximately50 dayspost-hatching,after which femalesandtheir broods
movedirectly from freshwaterto marinehabitats(Dau 1974; KistchinskiandFlint 1974).
Dau(1974)believedthatphysiologicalstressesoccurringpartially asa resultof this abrupt
shift from freshwaterto marinehabitatsmaycausesignificantjuvenilemortality.

On theirnestinggrounds,SpectacledEidersfeedprimarily by dabblingin shallowfreshor
brackishponds,or on floodedtundra(Dau 1974; KistchinskiandFlint 1974). Cottam(1939)
analyzed16 adultscollectedin May-July(possiblyincluding migrantbirds) and found that
animalfoods, primarily molluscs,comprised75% of stomachcontents. Craneflylarvae
(Tipulidae,Prionoceraspp.)dominatedin pre-break-up(YKD) (Dau 1974) andJune(AR)
(KistchinskiandFlint 1974)adult diets,andinsectsin generaldominatedall age-classdiets
afterbreak-up(Dau 1974; KistchinskiandFlint 1974). KondratevandZadorina(1992) found
thattrichopteransandchironimid larvaedominatedthediet of adulthenson theChaunRiver
Delta, especiallyin spring, followedby crustaceanslaterin theseason.Chicks feed
predominantlyon small, freshwatercrustaceans(ibid). Plantsweretaken by all age classes,
particularlyPotamogetonseeds(Dau 1974) andRanunculusseeds(KistchinskiandFlint 1974),
which mayact asstomachgastrolitesin theabsenceof availablegravel(ibid). Upland feeding
on Empetrumnigrum (crowberry)alsohasbeenrecorded(Cottam 1939;Dau 1974).

Fewdataareavailableon thedietsof SpectacledEidersat sea. Cottam(1939) found primarily
amphipods,aswell asmolluscs, in 2 birds collectedat St. LawrenceIslandin January.The
mostcommonfoodstakenby SpectacledEidersshotby subsistencehuntersin May andJune
nearSt. LawrenceIslandweremolluscsandcrabs(M. R. Petersen,pers.comm.).

The little informationavailableon diseasesin SpectacledEiderscomesfrom birds in captivity:
captiveeidersareknown to be susceptibleto aspergiliosis(Hillgarth andKear1979; Allen and
Allen undated). More researchhasbeenconductedon parasitesof SpectacledEidersthanon
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their diseases(e.g.,Schiller 1954, 1955;DeblockandRauseb1972; Bondarenko1975;
BondarenkoandKontrimavichus1976, 1979; Dau 1978; Atrashkevich1982; Regeland
Bondarenko1982; Regel1986; Nikishin andKrasnoshchekov1986; Nikishin 1988). Most of
this literatureis on thetaxonomyandmorphologyofthe parasitesthemselvesratherthanon
theeffectsof theparasiteson thebirds.

Habitat

Breedinghabitatsof SpectacledEidershavebeendescribedin both subarctic(Dau 1974;
HarwoodandMoran 1991, 1993;MoranandHarwood1994; Moran 1995; J. B. Grand,pers.
comm.)andarcticareas(KistchinskiandFlint 1974; Derksenet al. 1981; Kondratevand
Zadorina1992; WarnockandTroy 1992; TERA 1995). Although subarcticandarcticnesting
areasdiffer in vegetativecompositionand someaspectsof physiography,mostSpectacled
Eidersin both regionsoccurin coastalhabitats.

The coastalfringe of the YKD is theonly high-densitySpectacledEider (3.0-6.8birds/km2)
subarcticbreedinghabitat (DauandKistchinski 1977; C. Harwood,pers.comm.;T. Moran,
pers.comm.;W. Eldridge, pers.comm.). In this area,nestingis restrictedto low, wet sedge
andgrassmarsheswith numeroussmall, shallow waterbodies.Most nestingsitesarewithin
2m of waterbodies,primarily alongshorelines,peninsulas,or on islands(Dau 1974; Moran
and Harwood1994). Nestsrarely occurmorethan 190m from water. Thesehabitatscanbe
inundatedby extremehigh tidesor duringstorm surges;becauseof this irregularflooding,
theyarereferredto collectivelyasthe “vegetatedintertidalzone” (King andDau 1981).
SpectacledEiderssharethis zonewith severalspeciesof geeseandnumerousotherwaterbird
species,including CommonEiders(King andLensink1971; King andDau 1981).

Nestinghabitatsfor SpectacledEiderson theYKD arewithin theYukon Delta National
Wildlife Refuge(YDNWR) or on landsownedby variousNativevillage corporations(Figure
8). The historicallydispersedhumanpopulationin this areahasexpandedandconvergedinto
large,permanentvillages. Huntingandotherformsofdisturbancein habitatsusedfrequently
by humansmayhavealteredthedistributionandhabitatuseby SpectacledEidersandother
specieson the YKD (Nelson 1887; Brandt 1943; Kertell 1991; Stehnet al. 1993).

Importanthabitatsfor arctic-breedingSpectacledEidersincludelargeriver deltas,tundrarich
in lakes,andwet, polygonizedcoastalplainswith numerouswaterbodies. Densitiesof 0.1 to
12 birds/km2havebeenrecordedin theseareas(DementevandGladkov1952; Kistchinskiand
Flint 1974; Derksenet al. 1981; Stishov 1992; WarnockandTroy 1992). Along thearctic
coastof Alaska, SpectacledEidersareseenmostcommonlyduringthebreedingseasonnear
shallow-Arctophilaandshallow-Car&ponds(Derksenet. al. 1981; WarnockandTroy 1992;
AndersonandCooper1994),which arefloodedbut vegetated,with low islandsor ridges
suitableasnestsites (Andersonet al. 1995). Warnockand Troy (1992)recordedsubstantial
useof artificial impoundmentsnearoil developmentfacilities in PrudhoeBay for feeding.

24



In thisregion, SpectacledEidernestsaregenerallywithin severalmetersof waterbodies
(TERA 1993; AndersonandCooper1994; Smith et al. 1994;Andersonet al. 1995; Johnson
1995;B. Anderson,pers.comm.),andarefound on lakeedgesin basinwetlandcomplexes
(Smith etal. 1994),on ridgeson polygonscontainingpermanentwaterandemergentsedgeor
grass(Rotheet al. 1983; North 1990),and alongthe edgeof deepopenlakes(Bergmanet al.
1977;Derksenet al. 1981).

Nestinghabitatsof SpectacledEidersin coastalRussiahavebeendescribedneartheIndigirka
(KistchinskiandFlint 1974; D. Esler, pers.comm.),Ekviatap (Stishov 1992),andChaun
rivers (KondratevandZadorina1992). Nestsweregenerallywithin severalmetersof
waterbodies,excepton coastalislandsof theIndigirka RiverDelta wheresomenestswere
found >SOm from thenearestwaterbody(D. Esler, per. comm.). Preferredhabitatson the
Indigirka RiverandChaunRiver deltaswereislandsin lakesor small, elevatedareasin
floodedsedgeandgrassmarshescalled “laydas” (KistchinskiandFlint 1974; Kondratevand
Zadorina1992). In thesehabitats,SpectacledEider nestswere foundcommonlynearcolonies
of gulls or terns. In contrast,solitary pairsnestedin low densitiesin uniform tundraareasthat
wererich in lakes.

FemaleSpectacledEiders reartheir broodsin shallowpondsandlakeswith emergent
vegetation,in basinwetlandcomplexesandon deepopenlakes(Dau1974; Kistchinskiand
Flint 1974; Derksenet al. 1981; Warnockand Troy 1992; AndersonandCooper1994;
Andersonet al. 1995; C. Harwood,pers.comm.;T. Moran,pers.comm.;J. B. Grand,pers.
comm.). J. B. Grandandassociates(pers.comm.) found that femalesselectedareasof low to
moderatesalinity for brood-rearing.Ducklingsof otherspeciesareknown to exhibit adverse
physiologicaleffects.whenfreshwateris not available(Schmidt-NielsenandKim 1964;
Baudinetteet al. 1982; Moorman 1990). In the arctic, Derksenet al. (1981) found Spectacled
Eiderbroodsassociatedwith shallow-Carexanddeep-openArctophila lakes. Pondswith
emergentsareimportantbrood-rearinghabitats(Warnockand Troy 1992; Andersonand
Cooper1994;Andersonet al. 1995; TERA 1995).

SpectacledEidersspend8-10 months/yearin the BeringandChukchiseas(Dauand
Kistchinski 1977). Although considerabledataexiston theclimate(Brower et al. 1977),
oceanography,andbiological resourcesof theseareas(Hood andKelley 1974; Sayleset al.
1979;HoodandCalder 1981),an evaluationofthe relationshipbetweenenvironmental
parametersand theseasonaldistributionof molting, staging,andwinteringSpectacledEiders
is lacking. Satellitemonitoringof climatic andseaice conditionswasusedto identify
polynyasin theBering Seawhich maybe potentialSpectacledEider habitat (Dauand
Kistchinski 1977),but theseareashavenot beenadequatelysurveyed(McRoy et al. 1971;
Everettet al. 1989). DauandKistchinski (1977)thoughtSpectacledEiderswouldbe foundin
waters=30m deep. Recentdatafrom fall stagingandwinteringareassuggestthatSpectacled
Eidersmaybe found in waterstwice thatdepth(M. R. Petersen,pers.comm.).
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E. Distinct Population Segments

TheEndangeredSpeciesAct (asamendedin 1978)providesprotectionto “...any distinct
populationsegmentofanyspeciesofvertebratefish or wildlife which interbreedswhenmature.”
Congress(SenateReport151,96th Congress,1st Session)instructedthe SecretaryoftheInterior
to exercisethis authority“...sparinglyandonly whenthebiological evidenceindicatesthatsuch
actionis warranted.”

In the“Policy RegardingtheRecognitionofDistinct VertebratePopulationSegmentsunderthe
EndangeredSpeciesAct” (USFWS1996),the Servicedefined“distinct populationsegment”for-
thepurposesoflisting, delistingand reclassif~,’ingvertebrates.Underthepolicy, threeelements
areto be consideredsequentiallyin determiningthestatusofa potentiallydistinct population
segment: 1) thediscretenessofthepopulationrelativeto therestofthe species;2) the
significanceofthepopulationsegmentto the species;and 3) thepopulationsegment’s
conservationstatusin relationto theAct’s standardsfor listing (i.e., is thepopulationsegment
endangeredor threatenedwhentreatedasif it wereaspecies?).

The threebreedingpopulationsofSpectacledEiders(i.e., YKD, NS, andAR) meetthecriteria
for designationasdistinct populationsegmentsunderthepolicy. The criteriafor evaluatingeach
elementarepresentedbelow,alongwith thecorrespondinganalysesoftheSpectacledEider
breedingpopulations.

ElementI - Discreteness

Criteria

A populationsegmentofavertebratespeciesmaybe considereddiscreteif it satisfiesoneofthe

following criteria:

1. It is markedlyseparatedfrom otherpopulationsofthesametaxonasa consequenceof

physical,physiological,ecological,orbehavioralfactors.

2. It is delimitedby internationalgovernmentalboundarieswithin which differencesin control
ofexploitation,managementofhabitat,conservationstatus,or regulatorymechanismsexist
thataresignificantin light ofsection4(a)(1 )(D) oftheAct.

Analysis

The threemain breedingpopulationsarephysicallyseparatedfrom oneanotherby several
hundredkilometers,and,on thatbasisalone,theyfulfill thefirst criterion ofbeing“markedly
separated.”Althoughperhapsonly reflectingfacultativeresponsesto the environment,these
populationsalsoexhibit markedecologicaland behavioraldifferencessuchasdifferentmigration
routesandbreedingchronologies.No dataexist to evaluatethepossibility ofphysiological
differences.
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Underthispolicy, SpectacledEidersbreedingin Russiaand Alaskacanbedefinedasseparate
populationsaswell, becauseoftheinternationalboundaryseparatingtheirnestinggrounds.
Althoughthis criterionis notbasedin biology, it clearlyreflectsCongress’intent to recognize
populationswhichmightbenegativelyaffectedby internationalinconsistenciesin conservation
policy.

ElementII- Significance

Criteria

If apopulationsegmentsatisfiesat leastoneoftheabovecriteriafor discreteness,its biological
andecologicalsignificancewill thenbe considered.This considerationmay include,but is not
limited to, thefollowing:

1. Persistenceofthediscretepopulationsegmentin an ecologicalsettingunusualorunique
for thetaxon.

2. Evidencethatthelossofthediscretepopulationsegmentwould resultin a significantgap
in therangeofthetaxon.

3. Evidencethatthe discretepopulationsegmentrepresentstheonly surviving natural
occurrenceofataxonthatmaybemoreabundantasan introducedpopulationoutsideits
historicrange.

4. Evidencethatthe discretepopulationsegmentdiffers markedlyfrom otherpopulationsof
the speciesin its geneticcharacteristics.

Becauseprecisecircumstancesarelikely to vary considerablyfrom case-to-case,it is not possible
to describeprospectivelyall theclassesofinformationthatmight bearon thebiological and
ecologicalimportanceofa discretepopulationsegment.

Analysis

Thefirst two significancecriteriaaregermaneto theSpectacledEider populationsin question.
Underthefirst criterion, theYKD populationis uniquein two ways: it is theonly major subarctic
populationandthe only populationlimited almostexclusivelyto vegetatedintertidalhabitats. On
both counts,theYKD populationwarrantsdesignationasasignificantpopulationsegment.All
threepopulationswarrantdistinct populationstatusunderthe secondcriterion, for thelossofany
oneofthethreewould resultin a significantgap in therangeofthetaxon.

The third criterion doesnot applyto the SpectacledEider. The possibility ofgenetic
differentiationamongthethreepopulations(criterion4) is currentlybeingexplored,but the
analysishasnot yet beencompleted.
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A final considerationinvolvesinformationrelatedto, but not specificallyaddressedin, thecriteria
listed above. One of the purposes of the Endangered Species Act is to “provide a means whereby
theecosystemsuponwhichendangeredspeciesandthreatenedspeciesdependmaybe
conserved.”The Servicehasrecentlyinstitutedan ecosystemapproachto fish andwildlife
management.As partofthiseffort, theServicehasdefined52 ecosystemsnationwide. The YKD
is oneof7 terrestrial ecosystems in Alaska, and the NS comprisesa major portionoftheArctic
Alaskaecosystem.Thus,from an ecosystemperspective,thetwo Alaskanpopulationsof
SpectacledEidersinhabitdifferentecologicalsettings.

Elementm - Status

Ifa populationsegmentis discreteand significant(i.e., it is a distinct populationsegment),its
evaluationfor endangeredor threatenedstatuswill bebasedon theAct’s definition ofthoseterms
anda reviewofthefactorsenumeratedin section4(a). It maybe appropriateto assigndifferent
classificationsto differentdistinct populationsegmentsofthesamevertebratetaxon.

Analysis

ThethreeSpectacledEiderpopulationswarrantdesignationasdistinct populationsegments.All
threefulfill at leastonecriterionunderboth thediscretenessandsignificanceelementsofthe
vertebratepopulationpolicy. This recoveryplancalls for analysisofthestatusofeachSpectacled
Eider populationin respectto therecoverycriteriaoutlinedin thenext section(PartII-
Recovery).

The status and trend of the YKDpopulation are well known; only recently have minimum
populationestimatesbeenobtainedfor AR andNS populations. The YKD populationis quite
low relativeto historicallevelsandhassustainedasteep,long-termpopulationdecline.

The AR populationis quite large,but no reliabletrendinformationis likely to be availablein the
nearfuture. Surveydataover 3 yearssuggestthat theNS populationis largerthanoriginally
suspected(DauandKistchinski 1977),andcontinuedannualsurveysshouldprovidetrenddata
within afew years. StatusreviewsofAR andYKD populationsappearwarrantedat this time.
Additional yearsofsurveydataarerequiredfor theNS populationbeforeastatusreview is
appropriate.
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II. RECOVERY

A. Objective and Criteria

Overview

The objective of this plan is to provide strategies that recover theworld populationof
SpectacledEiderssothat the speciescanbe delisted. Criteriaandthresholdlevelsfor
reclassifying.(i.e., from threatenedto endangeredor from endangeredto threatened)andfor -

complete delisting are presented in the following discussion. Justificationfor theuseof
specificthresholdsappearsin AppendicesI andII. The Servicewill obtain recommendations
for reclassificationanddelistingfrom theSpectacledEider RecoveryTeam,or, if the
Recovery Team no longer exists, by independent review of the evidenceby qualified scientists.

For reclassifyingthe statusof SpectacledEiders, thestatusof eachof the 3 majorpopulations
will be considered independently. Unlessotherwiseindicated,theterm “population” means
thepool ofbirds thatbreedsin oneofthreeprimarygeographicareas(YKD, NS, andAR; see
SectionE, Introduction). A few tensof SpectacledEidersalsomayneston St. Lawrence
IslandandtheSewardPeninsulaof Alaska. For thepurposesof this plan, they will be
classifiedwith theNS populationuntil dataareobtainedthat supportan alternativeapproach.

The goalof classifyingpopulationsas threatenedor endangeredis to establishprioritiesfor
researchandmanagementaccordingto therelativerisk thepopulationsface. Onewidely used
measureof risk is theprobability of becomingextinctin a specifiedamountof time. The
probability of going extinct cannot be measured directly; it can, however,be estimatedasthe
consequenceof thepopulationgrowthrateand thevariability in that rate. ForSpectacled
Eiders,we mustconvertabundanceestimatesthroughtime (i.e., trends)into measuresofrisk
(e.g.,probabilitiesofextinction).

Uncertaintyin Decision-making

Translatingtrenddatainto measuresof risk is not a straightforwardtask. Becausewecannot
countall thebirds in a population,measuresofabundanceareuncertain. In addition,
populationgrowthratesmaybe relatively constantthroughtime or theymay fluctuatewidely.
This uncertaintymakesour decisionsaboutclassifyingapopulationaccordingto risk uncertain
aswell. AppendicesI andII addressthiscomplexityand describein detailhow population
growthrate,estimatedby regressingabundanceagainsttime, is translatedinto risk of
extinction. The implicationsofuncertaintyareprovidedhere in a lesstechnicalformat.
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Trenddataareanalyzedto inform wildlife managersaboutthe risks facedby populations.As
notedabove,however,theuncertaintyin abundanceand trenddatacanleadto errorsof
interpretationand, therefore,decision-making. In termsof threatenedandendangeredspecies
classifications,two possibleerrorsmightoccur: 1) failing to classifya threatenedor
endangeredpopulationthatshouldbe classified(the under-protectiveerror); and2) classifying
a populationasthreatenedorendangeredwhenit shouldnot be classified(the over-protective
error). The decisionaboutwhen to classify a speciesto a specificrisk categorydependson the
costsof making theover-or under-protectiveerrors. We analyzetheeidertrenddatausing
Bayesianstatistics,whichallows us to directlyincorporatethe costsof errorsinto the decision-
making framework. For thepurposesof thisanalysis,theteamconsideredthecostsof
committingunder-or over-protectiveerrors to be equal.

Bayesiananalysisresultsin aprobability distribution for populationgrowthrate(r) givenall
theavailabledataanduncertaintyaboutthevariability in populationgrowth rate(Tayloret al.
in press). We canthereforeanswersuchquestionsas“What is theprobability thatthis
populationwasexperiencinga declineof ~5%/yearwhen thesedataweregathered?”Before
usingsucha probability distribution (calleda posteriordistributionin Bayesianstatistics)in
decisionmaking,we mustspecify thecostsof committingerrors. If we erroneouslyfail to
classifya populationdeclining at 5%/year, it is a moreseriousmistakethan failing to classify
a populationdecliningat 1 %/year. Indeed,we havejust notedthatspeciesshouldbe classified
by thelevel of risk andthelevel ofrisk increaseswith increasingrateof decline. Bayesians
call thecostsat differentvaluesof r (populationgrowthrate) “loss functions” (Figure9,
detailsin AppendixII). Referencesto “loss” and “loss functions” in the following discussion
refer to thecostsof makingincorrectmanagementdecisionsandshouldnot be confusedwith
lossofbirds (i.e. a populationdecline).

The costof making decisionerrors(lossfunctions)is measuredin termsof theprobability of
decreasingto under250adultsin 50 years. Thus, thelossfunctionsarein units that reflect the
consequencesof themanagementdecision. The time requiredto determinethecauseof
declineandattemptto reversewasestimatedby therecoveryteamto beabout50 years. A
populationof 250 adultswaschosenasthepoint whenprudentmanagementactionis reduced
to the singlealternativeof captivebreeding. A decisionwith high risk is onewhich hasa
greater likelihood of resulting in the population decreasing to under 250 adults in 50 years. A
decision with low risk is one which has less likelihood of resulting in the population decreasing
to under250adultsin 50 years. In Figure9, thelossfunction with filled squaresymbolsgives
thelossofnot classifying thepopulationfor differentpopulationgrowthrates(the under-
protectionerror). Clearly, thereis no loss whenthepopulationis stableor growing (r =0)
becausethecorrectdecisionwas made. Similarly, if thedecisionthresholdto classifyas
endangeredis r = -0.05, thenthelossif thedecisionis to classifyis zerowhen r =-0.05
becausethecorrectdecisionwas made. The decisionto equalizeover andunder-protection
errorsmakesthesefunctionssymmetricalaroundr = -0.025.
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Figure 9. Lossfunctions for theunder-protection error (failure to classify) in filled squares
and the over-protection error (falsely classifying) in opensquares. Risk is measuredasthe
probability of becoming critical (<250adults) within 50 years. Thedecision to equalizerisk
makes the functions symmetrical around r = -0.025.
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Figure 10. A hypotheticalposterior distribution for r superimposedon the loss functions.
Calculating the under-protectionerror loss is doneby multiplying the loss function for the
decisionnot to classify times the posterior distribution for eachvalueof r and summingthe
results. The over-protection loss is calculated in a similar fashion. Table 1 in Appendix U
gives the calculation for this samplefigure.
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If weknew theexactpopulationgrowthratewe couldsimply makethedecisionthat resulted
in thesmallestloss. Forexample,if r = -0.05, thedecisionto not classifywould resultin a
lossof 0.06, while thedecisionto classifywould resultin a lossof zero. We aretherefore
likely to incur agreaterloss (makea morecostly decision)if we decidenot to classifythanif
wechoseto classifythepopulations.We would thereforechooseto classify thepopulationsas
endangeredsoasto minimize loss. Although theestimateof r will containlargedegreesof
uncertainty,theBayesiananalysisproducesa distributiongiving theprobability of having
obtainedtheexistingtrenddata(from annualsurveys)for eachpopulationgrowthrate. We
canthenestimatethelossesfrom over andunder-protectionerrorsby multiplying theloss
function timestheprobability of r giventhetrend datafor eachpossiblevalueof r and
summingtheseproductsto getthetotal loss.

Figure 10 showsa hypotheticalexamplewith a probabilitydistributionfor r superimposedon
the lossfunctions. Table 1 in AppendixII showsa simplified calculationof the total lossesto
illustrate themultiplicationprocess.For thisexampletheunder-protectionloss (0.124)isover
100 timestheover-protectionloss (0.001)50 thedecisionthatminimizes lossis to classifythe
population.

Thresholds

A recoveryplanmustestablishquantitativecriteria for reclassifyinga speciesor population
from threatenedto endangered(and vice-versa),aswell asfor delistingentirely. These
criteriacanbe thoughtof asactionthresholds. For eachpossiblereclassification(including
delisting), this planprovidestwo alternativecriteriawhich independentlytriggera reevaluation
of thepopulation’sstatus. The first alternativein eachcasecouplestrend andabundancedata;
whentrend dataarelacking, thesecondalternativeallowsfor decision-makingusingonly an
estimateof abundance.For decliningpopulations,theabundancethresholdscoupledwith
trenddataaregreaterthanthethresholdswhen trenddataarelacking. Conversely,when
populationsareincreasing,theabundancethresholdscoupledwith trend dataarelower than
thethresholdswhen trend dataarelacking. In both cases,a changein statusis warranted
soonerif thedirection andmagnitudeofpopulationchangeareknown.

AppendixI developstherationalefor selectingspecificquantitativethresholds. For declining
populations,thresholdsshouldprovidetime to identify the cause(s)of declineandimplement
recoveryactionsbeforethe populationshrinksto dangerouslylow levels. For growing
populations,thethresholdsshouldguaranteethatprogressto recoverycannotbereversed
easily,while simultaneouslyensuringthat therigorousprotectionof theEndangeredSpecies
Act is not unnecessarilyextended. The readershouldnote, however,that theuncertaintyin
trendandabundanceestimatesis exacerbatedby an evengreateruncertaintyin theefficacyof
recoveryefforts. Weareunableto predict exactlyhow quickly a populationwill declineor
how quickly it will respondto recoveryefforts. As a result, theselectionof thresholds
involvesa blendof both scienceandintuition, andis, therefore,somewhatarbitrary. Like
medicalguidelinesfor conditionssuchashigh bloodpressureand high cholesterol,population
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thresholdsarenot “magic numbers”thatguaranteeextinctionor recovery. Instead,these
thresholdsserveasmilepoststhatidentify populationsat high risk andmeasureprogressat
reducingthat risk.

Forexample,the World ConservationUnion (InternationalUnion for theConservationof
Nature[IUGNI)hassuggestedrisk levels (i.e., thresholds)for classifyingspecies(see
AppendixI). TheServiceconsideredthe IUCN criteria asguidelinesin developingthe
reclassificationcriteriafor SpectacledEiders. Specificafly, theIUCN hasidentifieda
populationlevel of 125 pairsascritically endangered,andthepopulationmodelsin AppendixI
of thisplanuse125 pairsasa benchmarkfor assessingtherisk of extinction.

Thereis noparticularbiological significanceto theexactnumberchosenfor the “critical”
populationsize. The valuecouldjust haveeasilybeen150 or 100. Despitethe somewhat
arbitrarynatureof thenumber,however,sucha figure hasboth heuristicandpractical
applications. Considerapopulationof 2,000pairs(roughly thesize ofthe SpectacledEider
populationon theYKD in 1994). If thepopulationdeclinesat a rateof 5%/year,extinction is
overa centuryaway,but thepopulationwill spendnearlyhalf of thenext 100 yearsat
numberslessthan 125 pairs(Figure 11). Thus, theextinction time givesan overly optimistic
pictureof how muchtimeremainsfor conservationactionto be implementedeffectively. In
otherwords, in mostcases,oncea populationfalls belowabQut125 pairs,only the most
radicalconservationeffortswill resultin its full recovery. The critical populationsize,
therefore,is usedasa practicalbaselineto estimatethetime remainingfor constructive
researchandrecoveryactions.

The reclassificationcriteriapresentedbelowshouldbe viewedin thesamelight. Passinga
specificpopulationthresholddefinedin this planneithersealsthe fateofdecliningpopulations
nor securesthefuture for increasingpopulations.Ratherthandefining biological failsafe
points, the criteriaidentify thresholdsat which theService’slevel ofconcernabouta
populationchanges. The calculationsin theappendicesprovidea quantitativeframeworkof
objectivityfor what are, ultimately,subjectivedecisions. By indicatingwhen different levels
of protection arerequired, thecriteriarepresenttheService’smostprudentassessmentof a
population’s risk.

34



1 POPULATION TRAJECTORY

WITH A 5%/YEAR DECUNE
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Figure 11. A population of 2,000 pairs,decliningat 5%/year.will reach the IUCN critical
level of 125 pairsin just 55 years. Althoughextinctiondoesnotoccurwithin the first 100
years,94% of the population hasbeenlost by the time it reachesthe critical level. (Figure by
D.Burn)
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Criteria for Reclassifyingfrom Threatenedto Endangered

Section 4 (a) (1) of theEndangeredSpeciesAct lists five factorswhich mustbe considered
whenevaluatingthe statusof a declining species:1) presentor threateneddestruction,
modification,or curtailmentof its habitator range;2) overutilizationfor commercial,
recreational,scientific, oreducationalpurposes;3) diseaseor predation;4) theinadequacyof
existingregulatorymechanisms;and5) othernaturalor manmadefactorsaffecting its
continuedexistence.For thepurposesof this plan, a populationof SpectacledEiderswill be
consideredfor reclassificationfrom threatenedto endangeredwhenthesefive factorsare
reviewed for evidence of threats to the population and when:

(1) The populationis decliningby =5%/year,asjudgedby thefollowing statistical
measures:

- the under-protectionlossexceedstheover-protectionloss, which is
calculatedusing trenddata[basedon at least5 years(1 survey/year)of data
but not exceedinga- 15 year period]andlossfunctionswherethelosswhen
classifyingis zerowhen r = -0.05andtheloss whennot classifyingis zero
when r ~ 0 (figure 9); AND

- the minimumestimatedpopulationsizeis ~3,000breedingpairsfor ~1
year;

OR

(2) theminimumestimatedpopulationsizeis <2,000breedingpairsin any 1 year,
unless=1surveyduring thefollowing 2 years.producesan estimateof >2,000
breedingpairs.

In thesecriteria, “r” is thepopulationgrowthrate. “Minimum estimatedbreedingpopulation
size” is intendedto meanthat thepopulationhasa very high probability of exceedingthis
value. It thereforecanbe thegreaterof two estimates,asdeterminedfrom the “best” available
data: (1) the lowerlimit of the95% confidenceinterval (CI) of thepopulationestimate
(derivedfrom usingany subsetof thedatathatyields the highestlowerlimit), including a
visibility correctionfactor; or (2) theactualnumberof birds countedduring population
surveys. Useof thelower 95% CI of thepopulationestimateaccountsconservativelyfor lack
ofprecisionin abundanceestimates.Using thelower 95% CI meanstherewill beatleastthat
many, andprobablymore,pairsof birds still breedingin thatpopulation. Breedingpopulation
sizemay be estimatedby aerial(breedingpair) surveysor ground(nesting) surveys,whichever
providesmorepreciseestimates.

Notethat thecriteriafor reclassifyingfrom threatenedto endangeredstatusareindependent,in
thateithercriterion maybe metfor reclassification.Eitherstrongevidencefor a “significant”
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declineovera several-yearperiod, in conjunctionwith a specificminimumpopulationsize,or
a low minimum sizeof thebreedingpopulationsignifiesthepossibilityof imminentextinction
of thatpopulation. The =5samples(surveys)shouldbe takenover =5consecutiveyears,
althoughtheuseof consecutiveyearsis not a formal requirement.Useof trend datais also
limited to the 15 mostrecentyearsto omithistorical datafrom currentestimatesof risk.
Further,thespecifiedrateof declinedoesnot haveto be meteveryyearof the sampling
period--it only mustaveragethis rateover theentiresamplingperiod.

Criteria for Reclassifyingfrom Endangeredto Threatened

A populationwill beconsideredfor reclassificationfrom endangeredto threatenedstatuswhen
thefive factorsfor listing undertheEndangeredSpeciesAct arereviewedfor evidenceof
threatsto thepopulationandwhen:

(1) The populationis increasingasjudgedby the following statisticalmeasures:

- theover-protectionlossexceedstheunder-protectionloss, which is
calculatedusing trenddata[basedon at least10 years(1 survey/year)of
databutnot exceedinga 15 yearperiod] andwherelossfunctionsare
symmetricalaroundr = 0 with a zeroloss for both functionswhen r = 0
(seeAppendixII, FigureIl-i); AND

- theminimum estimatedpopulationsizeis =3,000breedingpairs for =1
year;

OR

(2) The minimumestimatedpopulationsizeis =5,000breedingpairsover =3surveys(1

survey/year,with surveyspreferablybeingconsecutive).

Notethat thecriteriafor reclassifyingfrom endangeredto threatenedstatusareindependent,in
thateithercriterion maybe met for reclassificationto occur. Beforereclassifyinga population
from endangeredto threatened,however,thereshouldbe high confidencethatthepopulation~
is increasingandthat it hasincreasedin overall sizeto thepoint at which it is no longerin
imminentdangerof extinction. Knowing the exactrateof increaseof thepopulationisnot a
formal requirementin this case--theresimply shouldbestrongevidencethatan increaseis
occurring. If, however,thepopulationmeetscriterion (1) abovewithin 10 years, it will have
increaseddramaticallyfrom endangeredlevels. It is morelikely that thepopulationwill
increaseat a slowerrate,requiringmorethan 10 yearsfor the minimumestimatedpopulation
sizeof3,000breedingpairsto be achieved. This increasedtime, in turn, will increasethe
statisticalpowerof thetestand, thus,confidencethatthe populationactuallyis increasing.
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Criteriafor Delistingfrom ThreatenedStatus

A populationwill be consideredfor delistingfrom threatenedstatuswhenthefive factorsfor
listing undertheEndangeredSpeciesAct arereviewedfor evidenceof threatsto thepopulation
andwhen

(1) The populationis increasingasjudgedby thefollowing statisticalmeasures:

- theover-protectionlossexceedstheunder-protectionloss,which is
calculatedusing trenddata[basedon at least10 years(1 survey/year)of
databut not exceedinga 15 yearperiod]andwhereloss functions
symmetricalaroundr = 0 with a zerolossfor both functionswhen r 0
(seeAppendixII, Figure11-1); AND

- theminimumestimatedpopulationsizeis =6,000breedingpairs;

OR

(2) the minimumestimatedpopulationsizeis =10,000breedingpairsover =3surveys(1
survey/year,with surveyspreferablybeingconsecutive)or theminimum estimateof
abundanceexceeds25,000breedingpairsin anysurvey.

Note thatthe criteriafor delistinga populationfrom threatenedstatusareindependent,in that
either criterion maybe metfor delistingto occur. Oncerecoveryhasbegun, theevidence
shouldbe strongthata populationis eitherlarge, or increasing,self-sustaining,andno longer
in foreseeabledangerof extinction.

Toward achievingtherecoveryobjectivesoutlinedabove, this planestablishesintermediate
objectivesto: (1) identify and, if possible,eliminatethecause(s)of thedecline;and(2)
identify and, if possible,eliminateanyobstacle(s)to recovery(seeNarrativeOutline).
Achieving theseintermediateobjectiveswill almostcertainlybe requiredto halt thecurrent
populationdecline(s)andto allow recovery. Substantiallyincreasingour understandingof
causesandobstaclesasthey relateto recoveryis not, in andof itself, theprimaryobjectiveof
this recoveryplan. Forexample,thespeciesmay recoverwithouttheServiceever
determiningthe actualcausefor theoriginal decline. Undersuchcircumstances,delisting
shouldproceedif thepopulationhasincreasedto desiredlevelsandappearsto be in no danger
ofextinction.

Estimateddatefor completionof recovery

The estimateddatefor recoveryof theworld populationof SpectacledEidersis unknown,for
severalreasons.First, the cause(s)ofthe declineareunknown. Second,someobstacle(s)to
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recoveryareunknownor poorlyunderstood.Third, evenif all cause(s)andobstacle(s)are
identified, it is possiblethat theyarecausedby factorsthatcannotbe eliminatedor altered
sufficiently to allow recovery. As moreinformation becomesavailable, therecoverydatewill
be estimatedin subsequentrevisionsofthis plan.

B. Strategiesfor Recovery

In “Policy Guidelinesfor PlanningandCoordinatingRecoveryof EndangeredandThreatened
Species”(TJSFWS 1990), recoveryteamsaredirectedto enumerateactionsthataddressthreats
to the speciesofconcern. In theNarrativeOutline, all tasksnecessaryto achievefull recovery
of thespeciesareto be specified. Suchan approachis prematurefor SpectacledEiders,
however. Causesof thedramaticdeclineof this species,aswell ascurrentobstaclesto
recovery,haveyet to be determined. Basicinformationaboutthedistributionandabundance
of SpectacledEidersthroughouttheyearis fragmentary,as is our understandingof the
demographyandpopulationdynamicsof this species.Whetherthenestingpopulationsof
SpectacledEidersin thethreeprimary geographicareasaregeneticallyor demographically
distinct is unknown,yet specificrecoveryactionsandprioritiesmayhingeon sucha
determination. In light of thesesignificantdatagaps,an exhaustivelist of tasksrequiredto
achieverecoverycannotyet bepresented. Instead,interim recoveryeffortsarerecommended
thatproceedsimultaneouslyalongthreefronts: (1) preliminarymanagementactionstargeting
knownsourcesof mortality; (2) exploratorydatacollection andanalysis;and (3) hypothesis-
testlng.

The first aspectof this plan’sapproachto SpectacledEider recoveryincludesmanagement
actions: thosetasksthattypically areidentifiedin theNarrativeOutlineof a recoveryplan to
effect a species’recovery. Managementactionsto eliminatethethreatsto a species(bethey
causesof thedeclineor obstaclesto recovery)canproceedmostconstructivelywhenthose
threatshavebeenidentifiedandtheir effectsquantified. Managementactions,however,
shouldnotbe setasideuntil exploratorydatacollection hasbeencompleted. When possible,
managersshouldstriveto eliminatesourcesof mortality, evenif suchsourcesareunlikely to
be responsiblefor theinitial declineof the species. Early, effectiveeffortsto reducemortality
andincreaseproductivity will provideadditionaltime for theeidersuntil researchershave
confirmedor identifiedtheactualcausesof declineandthemostseriousthreatsto thebirds’
future.

The secondaspectof recoveryactivity--exploratorydatacollectionandanalysis--shouldbea
continuationandrefinementof theresearchandsurveyeffortsthatwereinitiated in 1991 after
thepetitionto list this species.To addressthemanytopics in needof elucidation,theseefforts
will haveto be expandedsignificantly in theimmediatefuture. Truly exploratorydata
collectionprobablywill continuefor at leastfourmoreyears.

39



The final aspectofSpectacledEider recoverywill involve the formulationandtestingof
specifichypothesesaboutthecause(s)of theeiders’ declineandthe importanceof specific
obstacles to recovery. To date,severalhypotheseshavebeensuggestedto accountfor the
declineof this species,andtheService’sprioritizationof thesepreliminaryhypotheseshas
guidedmuchof theongoingexploratorydatacollection. At present,however,dataare
inadequatefor rigorouslydevelopingandquantitativelytestingmostof them. In addition, the
relatively few datapertainingto thesehypotheseshaveyet to be comprehensivelysummarized
andevaluated.

To make substantialprogresstowardrecovery,it is imperativethatall researchbe designed
andimplementedwithin a hypothesis-testingframework. The currentlack ofdata,however,
shouldnot be construedasan excusefor unfocuseddatacollectionduringthe exploratory
phase,nor shouldall hypothesisrefinementbe postponeduntil the endofexploratory
investigation. As databecomeavailableincrementally,the hypothesesshouldbe increasingly
fine-tuned. Wheneverpossible,theServiceshouldevaluatehypotheseson the basisof existing
dataandsummarizetheseevaluationsin theform of official positionpapers. Thesesummaries
will be essentialfor prioritizing workplansto ensurethatscarcedollarsandhumanresources
areconsistentlyapplied to themostviableand/ormosteasily-testedhypotheses.Exploratory
datacollectionandhypothesis-testingareconcurrentprocesses,with improvements,
refinements,and evaluationsof thelatter taskultimately beingcontingentuponsuccessful
completionof theformer one.

Overthe next severalyears,recoveryefforts shouldfocuson thefollowing topics:

a. ManagementActions--Althoughlimited in scope,a suiteof managementactionsis
availablethatcould reducetherateof theSpectacledEider’spopulationdeclineandpave
the way for recoveryoncetheobstacleshavebeenidentified. Most specifictasksfall into
four broadcategories: (1) reductionof eidermortality; (2) developmentof ownershipin
recoverythroughincreaseddialogueandMemorandaof Agreement;(3) Section7
consultationsandpermitting;and(4) developmentof captiveflocks.

Confirmedsourcesof eidermortality includeleadpoisoning,predation,humanharvest,
injury, andresearcherimpact. Sincethesesourcesof SpectacledEidermortality operate
on thebreedinggrounds,thepeoplewho sharethe landwith theeidersmustbe intimately
involvedin therecoveryprocess. Currentdialoguemustbe expandedto developa
commonunderstandingandcooperationessentialto effect recovery. ThroughMemoranda
of Agreement,theServiceinvolvesin thedecisionmakingprocesslocal governments,
Nativeorganizationsandvillages, theADF&G, and theNationalBiological Servicein
developingthemosteffectivestrategiesto achievereductionsin eidermortality. If
appropriate,theMemorandaofAgreementfor managingmarinemammalsand theYukon-
Kuskokwim Delta Goose Management Plan could serve as models for eider agreements.
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At thesametime, theServiceshouldcontinueto limit collectingeidersor their eggsfor
scientific, educational,andaviculturaluse. In addition,recommendationsfor avoiding
adverseimpacts(AppendixIV) from developmentactivitieshavebeendraftedandusedin
Section7 consultationssince 1993. Thesemeasuresshouldbe refinedandcontinued,with
cumulativeimpactsfrom all biological andindustrialactivitiestracked.

The Servicealsoshouldcontinueto cooperatein the developmentof captiveflocksof
SpectacledEiders. Although theSpectacledEiderhasnot yet declinedto thepoint where
captive-breedingfor reintroductionis necessary,prudencedictatesthatpreliminaryefforts
in this directionbe initiated. Thevalueof captiveflocks transcendstheneedto be
preparedfor last-ditchreintroductions.For example,studiesof captivebirds can provide
importantdataaboutthespecies’basicbiology. Suchinformation may illuminateavenues
of research,increaseour ability to evaluatehypotheses,anddirectly aid in practical
recovery efforts.

Traditionallaw enforcementactivities (e.g.,huntercontacts,citations)canbe important
tools for maintainingor restoringwildlife populations.in theabsenceof an understanding
amongthe resourceusersof theeiderpopulationproblemsandthebenefitsof reduced
harvest,however,suchactionsareunlikely to contributesignificantly to a reductionin
SpectacledEidermortality. In fact, an enforcementpolicy which specificallytargetsthe
harvestof SpectacledEiderswould almostcertainlyreducethereportingrateof surveyed
huntersandengenderresentmentamongpotentialpartnersin. recovery. Therefore,an
increasein traditional law enforcementactivity is not recommendeduntil law enforcement
andotherharvestreductiontools areaddressedthroughincreasedcommunication,perhaps
including Memorandaof Understanding.Existing law enforcementlevelsunderthe
Migratory Bird Treaty Act will continue.

b. AbundanceandDistribution--Muchremainsto be learnedaboutthe distributionof
SpectacledEidersin spaceandtime. Thebroadoutlinesof distributionarebestknown for
thebreedingseason.Eventhen,geographicvariation in abundanceis poorlyunderstood
for the NS andAR. Suchspatialheterogeneitycanseriouslycompromisemonitoring
efforts, and surveys that are being developed to monitor these populations should be
improvedandcontinued. Away from thebreedinggrounds,therearefew dataon
distributionandabundance.Recentsatellitetelemetryandfall aerialsurveyshave
suggestedspatialandtemporalpatternsfor migration routes,stagingareas,andwintering
sitesof thethreebreedingpopulations,but additionalaerialsurveysand studiesusing
longer-lastingtransmitterswill be requiredto confirm thesepatterns. Thesesitesshouldbe
visited to determine seasonal patterns of abundance and habitat use by different age and sex
classes.Eitheraerialor ship-basedsurveysmaybe appropriate.

For evaluatingthestatusofa population,trenddatamaybe asimportantasareestimates
ofabundance.Long-termtrenddataexistonly for theYKD breedingpopulationof
SpectacledEiders. Severalindependentdatasetsfrom thatareademonstratestriking
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concordancein their descriptionsof theeiders’ decline. Neitherof thetwo mostprecise
surveys(oneaerial, oneground-based),however,weredesignedspecificallyto monitor
numbersofSpectacledEiders. Manipulation of thesedatabasesto include inter-survey
comparisonsandrestratificationmay leadto surveymodificationsthatwill yield a more
preciseestimateof thebreedingpopulationandits trend.

With theexceptionofa small datasetfrom thePrudhoeBay oil fieldsand traditional
ecologicalknowledgefrom Wainwrigbt,no trenddataexist for SpectacledEider
populationson theNS or in AR. Further,with theexceptionof a crudeestimatefrom the
Indigirka Delta, thereareno estimatesof historicalpopulationsizesin eitherof thesetwo
regions. Accurateandpreciseestimatesof sizesandtrendsof populationswill beneeded
for evaluatingwhetheror not thesepopulationsmeetthecriteria for reclassification.
Therefore,it is importantthatrecently-initiatedsurveyeffortson the NS andin AR be
continuedandenhancedwith considerationof theeffort neededto obtaintheprecision
achievedon theYKD. For all surveys,apoweranalysisshouldbe conducted.In other
words, theprobability of detectinga true changein populationsizemustbe determined,
andsurveysshouldbe refinedaccordinglyto improvepreclslon.

c. PopulationDynamics--Althoughtrenddatacanindicatetheoverall responseof a
populationto its environment,suchdataalonecanneither illuminate thecausesfor such
responsesnor predicttheprobabilitiesof specificresponsesin thefuture. Questions
concerningpopulationdynamicsfall within thescopeofpopulationmodelingand
demographics.

Among varioustypesof populationmodels,populationviability analysis(PVA) has
becomealmostd~ rigour in recoveryplanningfor endangeredspecies.PVA cangenerate
estimatesfor minimumviablepopulationsizesat varyinglevelsof risk (i.e., probabilities
oflong-termpersistence).PVA has limitations, however,andsuchan approachis not
necessarilyappropriatein all circumstances.Specifically, it is inappropriateto use
demographicdatafrom a decliningpopulation(suchas theSpectacledEider populationon
theYKD) to conducta PVA.

As anexercise,however,PVA can help to guidedecisionsaboutresearchprioritiesand
recoverycriteria. Populationmodeling, including PVA, will bea centralaspectof
SpectacledEiderrecoveryplanning,bothduring and beyondtheexploratoryphaseof data
collection. Initially, this modelingwill highlight critical datagaps. Then,aslife history
dataaccumulate,themodelsshouldbecomeincreasinglyrobustandpredictiveand, thus,
shouldallow evaluationof hypothesesaddressingthe cause(s)of theeiders’ declineand
assessingobstaclesto recovery. In addition,somemodelsmayhelpusassesstheurgency
of requiredactionsif populationsslip towardextinction. Forstableor growing
populations,minimumviablepopulationmodelsshouldallow us to estimatethetime
neededfor recovery,and, for planningpurposes,thecostof thatrecovery.
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Quantitativecriteria for reclassifyinganddeistingSpectacledEidersareproposedin this
document. Thesecriteria, however, were developedin thegeneralabsenceofbasic
demographicdatafor this species.Similarly, thepopulationmodelpresentedin Appendix
Ill represents,at best,a crudeestimate,sincemanyof thedatausedin generatingthis
model werederivedfrom similar speciesfor whichdataareavailable. To be ableto
developmodelswith greaterpredictivepowerand delistingcriteriawith stronger
foundations,wemustobtainaccurateandpreciseestimatesfor critical demographic
variables,suchasadult survival, juvenile survival, fecundity, andage at first breeding.

Data-richpopulationmodelsalsowill be importantfor evaluatinghypothesesusedin - -

addressingthecause(s)of theSpectacledEider’sdecline. For example,estimatesofadult
femalesurvivorshipcanbe usedto test thenull hypothesisthat thedeclinewascausedby
excessiveadult femalemortality. Strongevidencerefuting thishypothesiswould allow
investigatorsto moveon to aconsiderationof otherhypotheses.If, however,the
survivorshipdataindicatethata certainageor sexclassisexhibiting a disproportionately
high mortalityrate, researcheffortscanbe reorientedto targetthatportion of the
population. Such focusedresearchincreasesthelikelihood of both discoveringtheprimary
causesof declineandidentifying currentobstaclesto recovery.

A final benefitof robustdemographicdatapertainsto populationmonitoring. Two
methodsareavailablefor monitoringpopulationsof free-rangingvertebrates:field surveys
anddemographicanalyses.As populationsizeand densityincrease,field surveysaremore
powerfulthandemographicanalyses.At very low populationsizesanddensities,however,
a demographicanalysisof populationtrendsbecomesincreasinglypowerful(Taylorand
Gerrodette1993). If SpectacledEider populationscontinueto decline,this alternative
methodfor evaluatingpopulationtrendsmaybecomenecessary.

d. CQnlaniin~nls--Inrecentyears,severalspeciesof marinevertebrateshaveexhibited
populationdeclinesor reproductivefailuresin the Bering SeaandNorth Pacific. One
hypothesisto accountfor thesedeclinesandfailuressuggeststhatanimalshigh in the food
chainareaccumulatingdangerouslevels ofenvironmentalcontaminants.Although the
links betweenspecificcontaminantlevelsandreductionsin survivalandreproduction
remain to bedemonstratedin manycases,apparentlyhigh concentrationsof certain
contaminantshavebeendiscoveredin severalspeciesof northernmarinebirds and
mammals.

Preliminaryassessmentsof contaminantsin SpectacledEidershavenot beenencouraging:
at severalsiteson theYKD, somenestingeidersareaccumulatingleadon the breeding
grounds,andsubsequentdeathby leadpoisoninghasbeenconfirmed(Fransonetal.,
1995). Analysesof a limited sampleof SpectacledEider carcassesandfeatherssuggest
thatcadmium,selenium,andstrontiumoccurat levelsconsideredelevatedin otherspecies.
Becauseof theinsidiousnatureof environmentalcontaminationand the currentpaucityof
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dataon both levelsandeffectsofthis contamination,effortsto assesscontaminationshould
bestronglyencouraged.

e. EQQdllabijs--Thehabitatsusedandprey itemsselectedby foragingSpectacledEiders
away from thebreedinggroundsremainlargely unknown. This absenceof dataprevents
an evaluationof hypothesesattributingthe declinein eidersto eithernaturalor
anthropogenicchangesin thetrophic structureof Bering Seafood webs. Similarly,
withoutknowingwhereandwhateiderseat,researcherswill be unableto determinethe
pathwaysby which birds might accumulatecontaminants.

f. Han~sLLcy.els--Evenif availabledatado not indicatethathumanharvesttriggeredor
contributedmarkedlyto thedeclineofSpectacledEiders,harvestis still an obstacleto
recovery. Despitethe small absolutenumbersreportedin recentharvestsurveys,a low but
constantharvestlevel will havean increasingimpactaspopulationsizedeclines. Of all
knownsourcesof mortality, however,thehumanharvestof SpectacledEidersis potentially
the mostmanageable.Increasingadult survival isprobably themosteffective meansto
improvepopulationgrowth (seeAppendixIII). To assessboth thecontributionof harvest
to populationtrendsandtheefficacyof specificmanagementactions,a statisticallyrobust
estimateof harvestis necessary.

In theory, themagnitudeof mortality by intentionalandincidentalharvestcanbe estimated
morerigorouslyandcanbe reducedmorerapidly thancananyothersourceof mortality.
It will benecessaryto evaluate,refine, andexpandcurrentharvestmonitoringeffortsto
include all geographicareasandseasonsin which harvestoccurs. As with population
monitoring, thepowerof bothongoinganddevelopingharvestsurveysneedsto be
determined. Currentsurveydesignwasnot intendedand is inadequatefor documenting
eitherannualvariationor trendsin harvestlevels. For example,althoughthe current
harvestsurveyon the YKD is statisticallyvalid, it is notpowerful: theannual95% CI for
1985-1992averages±80%ofthe harvestestimate. In otherwords, the surveyis
insensitiveto all but extremechangesin harvestlevels. Greaterprecisioncould be
achievedby restratifyingandrestrictingtheanalysisto thosecommunitiesknown to harvest
SpectacledEidersor by increasingthesamplesize. All avenuesof surveyimprovement
shouldbe exploredpromptly, for both managersandmodelerswill requireestimatesof
harvestthatareasaccurateandpreciseaspossible.

g. Er~d~ljnn--Onthebreedinggrounds,eggs,ducklings,and (to a lesserextent)adultsare
susceptibleto predation. Foxes,jaegers,andlargegulls areprobablythe mostserious
threatsduring nestingandbrood-rearing.Becausedetailedstudiesof theSpectacledEider
werenot initiateduntil thepopulationdeclinewasalreadyunderway,it is not known if
predationratesin thelast few decadeshavebeenhigherthanhistoricallevels. Several
linesof evidencesuggestthatpredationrateshaveincreased,perhapsasa resultof declines
in theabundanceofalternativeprey resourcesor ofputativeincreasesin predatornumbers.
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Whethersuchchangesin predator-preyrelationshipscanaccountfor theeiders’ declinehas
not beendetermined.

Like humanharvest,predationis a known sourceof SpectacledEider mortality andmay
proveamenableto activemanagementeffortsat alocal level. Theeffectivenessof fox
control asa managementtool for enhancingeiderproductionneedsto be evaluatedmore
thoroughly. Similarly, theefficacyandlimitationsof gull control for improvingeider
productionneedto be assessed.

h. n~jg~s--InSectionll.A, severalreasonsareprovidedfor managingandassessingthe
statusof SpectacledEidersat the populationlevel. Although studiesof nuclearDNA
indicatea singlepanmicticpopulationof spectacledeiders(K. Scribner,pers.comm.), it
hasnot yet beendeterminedwhetherthesepopulationscanbe identifiedby distinctive
mitochondrialDNA markersor if theydiffer in behavioralor ecologicalcharacteristicsthat
reflect heritabledifferences. If thereareconsistentgeneticdifferencesamongbreeding
areas,theneedto maintaingeneticdiversity in the specieswill provideadditionalimpetus
for managementat thepopulationlevel. The degreeof population-leveldistinctivenessalso
mayaffecteffortsto defineviablepopulationsizesfor futurerecoveryplanning. Finally,
using geneticmarkersto link eiderssampledduring thenon-breedingseasonto specific
breedingpopulationswith differing growthratesmayprovidea context for evaluating
hypothesesconcerningthecause(s)of thedeclineandobstaclesto recovery. Therefore,it
is importantto determinethegeneticprofileand identify potentiallyheritabletraits of birds
breedingin eachof the threemajorpopulations.

i. Diseasesand Parasites--Fewdatahavebeencollectedon theimpactsof diseasesand
parasiteson SpectacledEiders. Both factors, however,areknown to contributeto
mortality in the more-thoroughly-studiedCommonEider. Although thesephenomenaarea
naturalaspectof waterfowlecology,otherdebilitating factors(e.g., food limitation,
contaminantloads)maybe actingsynergisticallyto increasethesusceptibilityof Spectacled
Eidersto diseaseandparasites.

PhysiologicalCondition--Waterfowlfrequentlyexhibit significantintrapopulational
variationin body condition (e.g., fat level, body mass). Recentinvestigationssupportthe
hypothesesthatmortality is high or productivity is low amongindividualswith poorbody
condition(Eslerand Grand 1994). An analysisof thebody condition of SpectacledEiders
might indicatewhich groupof mortality factorsis contributingsignificantly to thedecline
and/orpreventingrecovery. Specificphysiologicalor histopathologicalmarkersalsocan
serveasindicatorsof specificdiseaseor stressconditions,including environmental
contaminants.Poorbody conditioncouldbea symptomof heavymetalcontamination,
food scarcity,parasites,ordisease.If thedistributionof SpectacledEider body conditions
differs from relatedspeciesthataresharingsimilar habitats,thesemortality factorsmight
be implicated. If thedistributionof body conditionsis comparableto that for othersimilar
species,however,othermortality factors(e.g.,predation,subsistenceharvest)would be
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implicated. In theabsenceof historical dataon SpectacledEider bodyconditionsduring
periodsof populationgrowthor stability, however,interpretationsof thebody condition
datawill be seriouslycompromisedif valid interspecificcomparisonscannotbe made.

C. Narrative Outline of RecoveryTasks

Thepurposeof this NarrativeOutline is to identify anddescribeall taskspresentlythoughtto
be necessaryto meettherecoveryobjective. This list of tasksis basedon thebestavailable
informationat the time theplan waspreparedandthecurrentstateof knowledgein
conservationbiology. Biological studiesrecommendedin this plan, including someongoing
projects,will be providing substantialnewinformationaboutSpectacledEiderecology,
populationdynamicsand recoveryobstacles.Thesenewdatamayalterour understandingof
recoveryobstaclesandinfluencemanagementrecommendations.Hence,this recoveryplan
shouldbe reassessed1 yearafterinitial implementationandatleastevery3 yearsthereafteror
at anytime if it becomesapparentthattheplan isnot fulfilling its function to guideSpectacled
Eider recovery. Reassessmentshouldbe basedon populationtrends,on recentandongoing
research,andon theresultsof anyrestorationefforts.

The NarrativeOutline is structurallydifferent from previoussectionsandprovidesgreater
detail to thelevel of specifictasks. The outlinefollows the sequenceof topics in theStrategies
for Recovery. Within eachsection,generalheadingsdescribecommontopicsunderwhich
similar tasksaregrouped. The tasksrepresentaction items. The tasknumbersin the
NarrativeOutline arecrossreferencedin theImplementationSchedule. Tasksundertopics
thatare fairly well understoodat this time areoutlinedin moredetail (e.g., identify and
monitor breedingpopulations). For topics thathavenot beenexploredto date(e.g.,evaluate
physiologicalconditionthroughouttheyear), thetasks in thisplan arequite general. The
broadlydefinedtasksshouldbecomemore specific,andpossiblysubdivided,in thefuture as
our understandingof SpectacledEider ecologyandthreatsincreases.

A. ManagementActions

Al. Designateandsupporta RegionalEider Coordinatorto overseerecoveryplan
impl~ni~niati~n.. The SpectacledEider recoveryplanproposesa complex,multi-agency,
multi-disciplinary recoveryeffort with major effortsdirectedtowardspublic outreach,
populationinventoryandmonitoring, researchon populationdynamicsand thecausesfor
historicalandcurrentpopulationproblems,andmanagementeffortsto reducemortality. A
RegionalEider Coordinatoris neededto overseeplan implementationandcoordinateactivities
both amongorganizationsand within Fish andWildlife ServiceDivisions. The Coordinator
would ensurethatall fundedtasksareassigned,implemented,accomplished,reported,and
evaluated. The Coordinatorwould maintainopencommunicationbetweenall parties,
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including providing frequentupdatesto theRecoveryTeam,governmentagencies,Native
organizations,andprivate interests.(EiderCoordinatorappointedin 1995)

A2. Verify therecoveryobjectivesandperiodically updatethe recoveryplan. The recovery
objectivesshouldbe reviewedperiodically (at leastevery3 years). Therecoveryobjectives
may be revisedbasedon investigationsofhypothesesaboutthe obstaclesto recovery(task
CS), developmentof populationmonitoringtechniques(taskBi), refinementof the
demographicpopulationmodel(taskC2),and/orcomputersimulationsof populationviability.
The needfor updatingor revisingrecoveryplan tasksandtaskpriorities shouldbe evaluated
annuallyby theSpectacledEider RecoveryTeam. Theteammayalsoprovide
recommendationsfor annualimplementationof therecoveryplan.

A2. 1. Preparea technicalreporton populationmodelingandviability simulations~and
their applicationsin recoveryobjectives. The modelingandanalysispresentedin
Appendices1-111 shouldbe compiledin a moredetailed,technicalreportto provide
documentationfor future refinements.

A3. Conducta statusreview for eachpopulation. A statusreviewof eachdistinct
population(YKD, NS, AR) thataddressestheRecoveryCriteria in this plan shouldbe
conducted. Availabledatasuggestthatthe YKD andAR populationsmaywarrant
reclassification.

A4. Provide Native organizations with opportunitiesfor participationin thedecision-making
processin implementingtheSpectacledEider RecoveryPlan. The Serviceshouldencourage
involvementby NativeOrganizationsin theimplementationof recoverytasks,particularlybut
notonly tasksrelatedto Informationand Education(I&E) andSpectacledEider harvest
management.Governmentagencieswould retain legalauthoritiesandjurisdictionovertheir
trust resources,but theServiceandADF&G shouldwork cooperativelywith Native
representativesto formulateandimplementmutuallybeneficialconservationactions. Ultimate
decisionmaking authorityis retainedby theServicefor all migratorybirds.

A4. 1. DevelopMemoranda of Agreementbetweenthe Service.Native Organizations~and
ADF&G to implement the SpectacledEider RecoveryPlan. Theseagreementscouldbe
similar in conceptto theYukon-KuskokwimDelta GooseManagementPlanor the Sea
OtterMemorandumof Understandingwith ADF&G and theSeaOtterCommission.Three
separateagreementsarerecommended:YKD, NS, andtheBering Strait area. The three
regionshavedifferentNativeorganizationsandgovernmentsandrepresentdistinct Native
cultures(including threelanguages).

As partof theMemorandaof Agreement,programsshouldbe developedto eliminate
intentionalsubsistenceharvestand minimize incidental subsistencetakeof Spectacled
Eiders. Availabledataindicate thatsubsistenceharvestofSpectacledEidersis limited, but
this mortalityis still significantat leastfor the YKD populationconsidering:(1) the
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currentlysmall size of the YKD eiderpopulation;(2) the inherentvulnerabilityof sea
ducksto excessiveadult mortality; and(3) thefact thatmostof theharvestispresumedto
occurduring spring migration andthereforeprobablyis concentratedon adult breeding
birds. It is importantthat theSpectacledEider harvestbe eliminateduntil it canbe
managedin sucha way thatviablepopulationscanbemaintained.

This plan recommendsthatthe mosteffectivemethodfor eliminatingintentionaland
incidentalsubsistenceharvestis throughinformation programsaimedat obtaining
Voluntary hunting restraints. Such restraintsshouldbe soughtthroughincreaseddialogue
anddevelopmentof Memorandaof Agreementwith Nativeorganizations.The harvest -

reductionprogramsmay include,but would not be limited to, public informationactivities,
local initiatives, andenforcingFederalandStatelawsthroughappropriatemethods. It is
essentialthatall stakeholdershavea voicein how theprogramis designedand
implemented.

In additionto informationandlaw enforcementprogramsdesignedto eliminatesubsistence
harvest,theMemorandaof Agreementshouldbenefit therecoveryprogramby facilitating:
(1) the exchangeoflocal andtraditional knowledge;and(2) theparticipationof Alaskan
Nativesin researchandmanagementfunctions, whereappropriate. Memorandaof
Agreementshouldalsocoverotheraspectsof theRecoveryPlan,whereappropriate.

A4. 1.1. Developand implementa Memorandumof Agreementon the YKD

.

A4. 1.2. Developandimplementa Memorandumof Agreementon theNS.

-

A4.1.3. Developand implementa Memorandumof Agreementfor the Bering Strait
arca. An agreementis neededfor this regionbecauseit is a major migrationand
stagingareafor at leastoneand possiblyall threeof themajor breedingpopulations.
Levelsof eidermortality from naturalandanthropogeniccausesareunknownfor this
region.

AS. Designatea NativeLiaison who would facilitate communicationbetweenNative
organizations.the RecoveryTeam governmentagenciesandresearchers.andaffected
yiUag~a,. Effectivelocal contactsarenecessaryfor transmittingaccurateinformationon
recoveryprojects,soliciting suggestions,andgaininginformedconsentfor theMemorandaof
Agreement. It is essentialthat local communitiesbecomefully informedaboutrecovery
projectsthataffectSpectacledEidersor otherimportantlocal resources.The Serviceand
Nativeorganizationsshoulddesignatea liaisonwho possessesexpertisein inter-cultural
communication,appropriateNativecultures,regionalsubsistencepracticesandmanagement,
andbiology. Successof the Memorandaof Agreementwill dependon facilitation by the
NativeLiaison.
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A6. Developandcoordinateinformationand educationactivities. The SpectacledEider
I&E programshouldbedirectedat threeaudiences:NativeAlaskansin rural Alaska, the
generalpublic in Alaska, andthegeneralpublic outsideAlaska. The I&E activitiesdirected
towardAlaskaNativesshouldbe focusedprimarily in thosevillageswithin therangeof the
SpectacledEider thatcurrentlyharvestorhaveharvestedSpectacledEiders. Currentemphasis
on steelshoteducationandnegotiationsculminatingin a “date certain” for cessationoflead
shotusein Yukon Deltaeiderhabitatshouldbe continued. The I&E programshouldbe
developedfrom an AlaskaNativeperspective,aspartof-the Memorandaof Agreement. The
NativeLiaison would coordinateimplementationof I&E directedtowardAlaskaNatives,in
consultationwith the Serviceand Nativeorganizationson theYKD, NS, andBering Strait. -

Regions.

Outreachactivitiesarealsoneededfor the generalpublic, regionallyandnationally. These
audiencesshouldbe informedaboutthe rolesofthe EndangeredSpeciesAct andMigratory
Bird TreatyAct; theneedfor eliminating intentionalharvestandavoidingincidentaltake; -

itemsofgeneralbiological andecologicalinterest;andtherecoveryprogram. I&E activities
targetinglimited audiencesshouldalsobe developedwhereappropriate,suchassoliciting
eiderobservationrecordsfrom Bering Seavesseloperators.TheRegionalEider Coordinator
would overseethegeneralI&E program,with substantialcontributionsby theNativeLiaison
andagencystaffs (I&E programinitiated in 1991).

A7. Evaluatethe Memorandaof Agreementannually. -

A7. I Evaluateandrecommendrevisionof Memorandaof Agreementactivitieswhere
appropria1~With assistancefrom theSpectacledEider RecoveryTeamandMemorandaof
Agreementpartners,theServiceshouldannuallyreviewwhether: (1) theMemorandaof
Agreementareeffectivein reducingsubsistenceharvestof SpectacledEiders;and(2)
AlaskaNativesareparticipatingin thedecision-makingprocessfor therecoveryprogram.
Theeffectivenessof theI&E programs,regulatoryprotectionundertheEndangered
SpeciesAct andMigratory Bird TreatyAct, andotherstrategiesfor addressingsubsistence
harvestshouldbeincludedin theseannualreviews. Theseevaluationsshouldconsider
adequatetime allowancesfor implementationof theMemorandaof Agreement. Basedon
thesereviews,implementationof the Memorandaof Agreementmaybe revisedby joint
agreement.The annualreview shouldcontinueuntil viablepopulationscapableof
sustainingharvesthavebeenachieved. Referto relatedtasksFl andC5.3.

A7.2. Promulgateregulationspursuantto section lO(e)(4) of theEndangeredSpeciesAct
to prohibit takeof SpectacledEidersby AlaskaNativesfor subsistencepurposes.-
Contingentuponresultsof theannualreview of theMemorandaof Agreement(taskA7. 1),
including theeffectsof harveston SpectacledEiderpopulations,theServicemay find that
it isnecessaryto initiate actionto prohibit subsistencetakeof SpectacledEidersunderthe
EndangeredSpeciesAct. Specificefforts directedat subsistencetakeof SpectacledEiders
shouldbe addressedinitially throughtheMemorandaof Agreement(taskA4). If full
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implementationof theMemorandaofAgreementcannotbeaccomplishedandtasksA7. 1
andC5.3demonstratethatsubsistenceharvestis adverselyaffecting SpectacledEider
populations,thenthe Serviceshouldconsiderincreasedlawenforcementactions. Section
10(e)(1)of the EndangeredSpeciesAct exemptsAlaskaNativesandpermanentresidentsof
AlaskaNativevillages from theprohibitionson taking listed species.This exemptionis
inconsistentwith regulationsimplementingtheMigratory Bird TreatyAct. The
discrepancybetweentheEndangeredSpeciesAct andMigratory Bird TreatyAct maycause
difficulties with law enforcement,shouldadditionallaw enforcementactivitiesbe initiated
specificallyfor SpectacledEidersbasedon tasksA7. 1 andC5.3. In this case,regulations
prohibitingtakeof SpectacledEidersundersection10(e)(4)of theEndangeredSpeciesAct
shouldbe published. Specialconsideration,beyondthe minimumlegal requirements,
shouldbe given to notificationandpublicinvolvementprocessesin the Nativecommunities
mostlikely to be affectedby thepromulgationof newFederalregulations.

A8. Continueroutinelaw enforcementundertheclosedseasonpolicy for administrationot
theMigratory Bird TreatyAct. Underthe MigratoryBird TreatyAct, it is illegal to take
eidersor their parts,eggs,nests,andyoungexceptaspermittedby the Service. The fall
huntingseasonhasbeenclosedsince1991. All springandsummer(March 10-September1)
huntingof eidersin Alaskais in violation of theMigratory Bird TreatyAct, andsince1993
SpectacledEidershavebeenincludedin theService’sdiscretionarypolicy to enforcespring
subsistencehuntingviolations. Violationsunderthe Migratory Bird TreatyAct thatare
encounteredduringroutinelaw enforcementactivitiesarecited. If additional
recommendationsfor law enforcementactivity result from theMemorandaof Agreementor
theannualreviewof theMemorandaof Agreement(tasksA4. 1 andA7. 1), theyshouldbe
implementedin coordinationwith theseongoingMigratory Bird TreatyAct enforcement
activities.

A9. Eliminatetheuseofleadshotfor huntingwithin SpectacledEider habitats. Currently,
leadshotisprohibitednationally for huntingwaterfowl; however,it is still legal for hunting
uplandgamebirds. Eider deathsdueto leadpoisoningandevidenceof significantlevels of
leadexposurein SpectacledEiderson thecentralYukon-Kuskokwim Delta coast,indicatethat
leadshotmaybea significantmortality factor. Leadshotmayaccumulatein theabundant
shallowponds,tidal flats andsloughsalongthecoastwhereSpectacledEidersfeed duringthe
nestingseason.Thus, anyuseof lead shotfor huntingwithin SpectacledEidernestingrange,
evenif it is notbeingusedto shoot waterfowl,mayposea substantialthreatto eidersand
shouldbe eliminated. The following tasksmaybe necessaryto effectively eliminateleadshot
asa threatto SpectacledEiderson the YKD, whereit is a demonstratedproblem. Additional
tasksregardingleadpoisoningresearchare D4, DS,andD6.

A9. 1. Exploreandimplementmechanismsfor reducingavailability of leadshotand
increasingavailability and reducingthecostof non-toxicshotin rural Alaska. Optionsfor
reducinglead availability in rural Alaskashould.be examinedandimplementedto the
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fullestextentwhereappropriate.This would includeworking with ammunitionmarketers
to providenon-toxicshotat reasonablecost.

A9.2. Continue hunterinformation on non-toxic shotthroughoutrural areaswhere
SpectacledEidersoccur. Non-toxicshotinformation programsteachhuntersaboutthe
negativeimpactsto wildlife from exposureto lead shotin theenvironmentandhow to
adjustto using non-toxicshot. Thisexisting StateandFederal-runprogramshouldbe
expandedto ensurethat it is availableto all hunterswithin therangeof SpectacledEiders,
so that the threatto SpectacledEidersfrom lead shotis eliminated.

A9.3.- Promulgateregulationsprohibiting useof lead shotfor all hunting within Spectacled
Eider range,beginningwith the Yukon Delta NationalWildlife Refuge. The useof lead
shotfor huntingwaterfowlwasbannedin 1991 in Alaska. The Service,with involvement
from Native organizations,shouldproposenewregulationsto prohibit theuseof lead shot
for anypurposeswithin SpectacledEider nestingrange,beginningwith Federalrefuge
lands. Negotiationsfora “date certain” shouldbe completedandan enforcementprogram
shouldbe implementedafterthatdate. -

AlO. Ensurecompliancewith theEndangeredSpeciesAct and Migratory Bird TreatyAct

.

Sections7 (consultation)and 10 (permitting)of theEndangeredSpeciesAct provideessential
tools for avoidingjeopardyto listed species,avoiding or minimizing incidentaltake,and
promotingfull speciesrecovery. Theseprocessesalsoprovidevaluableopportunitiesto
inform agenciesandscientistsof theirresponsibilityto contributeto the recoveryprogram.
The Migratory Bird TreatyAct providesa vehiclefor managementof SpectacledEiders
throughtheannualpromulgationof sporthuntingregulationsandcase-by-casepermittingfor
take.

AlO. 1 Implementsections7, 9, and 10 of theEndangeredSpeciesAct. Sections7, 9,
and 10 shouldbeimplementedsoasto maximize theeffectivenessof thesetools for
SpectacledEiderrecovery. Theprotectionguidelinesin AppendixD shouldbe reviewed
annuallyandrevisedasappropriate.Cumulativerecordsof permittedtake(section 10) and
incidentaltake(section7) estimatesshouldbe maintained,with evaluationand
documentationthat this level of takeis not adverselyaffecting the species(seetaskAll).-
SpectacledEider locationdatashouldbe addedto theService’sendangeredspecies
databaseandGeographicInformation System(GIS).

ALO.2. Monitor scientific collectingof eggsandbirds. andseaduck sporthunting
within SpectacledEider range. Permitsmaybe issuedundertheMigratory Bird Treaty
Act for scientificcollectingof waterfowleggsorbirds within SpectacledEider nesting
range(permitsfor scientific collecting of SpectacledEidersor their eggsmayalsobe
issuedundertheEndangeredSpeciesAct). Becauseof the potentialfor misidentifying
similar species,all permitapplicationsshouldbe screenedcarefully to assurethatthe
investigatorsarecredibleandsafeguardsarein placeto minimize therisk of unintentional
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takeof SpectacledEiders. In addition,recreationalhunting for CommonandKing eiders
mayoccurwithin SpectacledEider rangeduring theopenseason.Law enforcementagents
in theBering Strait regionshouldroutinelymonitor seaduck huntingactivity to determine
whethereitherincidentalor deliberatetakeof SpectacledEidersisoccurring.

AlO.3. Rancollectingeidereggsfor aviculturalpurposeswithin SpectacledEider
nng.nngc..~TheServicestoppedissuingpermitsfor anyaviculturaleggcollecting
within SpectacledEider nestingrangein 1994, following caseswhereaviculturalists
illegally collectedSpectacledEider eggs. This banshouldbe continueduntil Spectacled
Eidersrecover.

AlO.4. Investigateincidental takeby commercialfisheries. Informationis neededto
determinewhetherincidentaltake in gill netsor from striking lighted fishing vesselsis
occurring,asindicatedby anecdotalreports. If so, it will be importantto documentwhere
andhow often it occurs,how manybirds areinvolved, andwhat canbe doneto reduceor
eliminatethis take. Takemaybedocumentedwith observeror voluntaryreporting
programs. For federally-regulatedfisheriesthis shouldbe partof thesection7 consultation
process. Potentialoverlapin rangebetweenSpectacledEidersand fishing operations
shouldalsobe mapped. If incidentaltakeis documented,discussionsshouldbe heldwith
participantsin theinvolved fisheriesto identify meansfor reducingor eliminating thetake.

All. Investigatetheextentof internationaltrade. Russianscientistshaveexpressedconcern
aboutSpectacledEider egg collectionandsubsequenttradeto Europeanmarkets. The extent
of this tradeandits impacton the AR populationshouldbe investigated,andSpectacledEiders
shouldbe nominatedfor inclusion in theCITES appendices,if appropriate. (Taskmaybe
accomplishedwith taskA3).

A12. Reducepredationon SpectacledEidersandtheir eggsat selectedsites

.

A12.1. Initiate control of foxes in selectedSpectacledEider nestinghabitats. Predation
by foxesvariessubstantiallyfrom yearto yearandmay at timeshavea substantialeffect
on eiderproductivity. Reducingfox densitieson restrictednestingareaswherefox
immigrationis naturally limited (e.g., islandsand “island-like” habitatssurroundedby
rivers) is practical. GivenSpectacledEiderpopulationdeclines,creatingfox-freenesting
locationsmayprovidea reservoirof high eiderproductivityto sustainlocal populations.
Thesesitesarenot expectedto be sufficientto reversewidespreadpopulationdeclines.
Yet, establishingat leasta few pocketsofhigh reproductivesuccesscould maintainacore
eiderpopulationwhile researchonotherrecoveryobstaclesis completedandbeforeother,
moreextensive,managementactionscan be implemented. Suitablesitesshouldbe
identifiedon the YKD andpossiblythe NS, andfox control initiatedandits effects
evaluatedannually. Localresidentsshouldparticipatein decisionsaboutfox controland
its implementation(e.g.,with trapping),wherepossible,asspecifiedundertheMemoranda
ofAgreement(taskA4.1; alsoseerelatedtasksGl andG2).
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A12.2. Initiate controlof GlaucousGulls in selectedSpectacledEidernestinghabitats

.

Predationby GlaucousGulls may at certaintimes andin someareasbean importantfactor
in thehigh post-hatchmortalityof eiderducklingson theYukon Delta. A recentstudyon
theYKD suggestedthatgullsnestingin the HazenBay areadid not feedon eider
ducklings. It maybe possibleto temporarilyreducelocal gull populationsby destruction
of nestsor similar means. Suitablesitesshouldbe identifiedon theYKD andpossiblyNS.
Controlshouldnot be initiatedwithoutmoreevidencethatpredationis a problem. Local
residentsshouldparticipatein decisionsaboutgull controland its implementation,where
possible,asspecifiedundertheMemorandaof Agreement(taskA4. 1; alsoseerelated
tasksAll.3, G4 andGS).

A12.3. Investigateand. if feasible,implementmechanismsto reduceartificial food
sourcesto reducepredatornumberson SpectacledEider nestinggrounds. Artificial food
sourcessuchasgarbagehandouts,openlandfills andfish processingwastesmaybe
sustainingpopulationsof eiderpredatorsabovehistoricallevels. The direct effectsof
wastefood availability on predatorpopulationshavenot beendocumented;however,
reducingartificial food sourcesmaybenefitSpectacledEidersby lowering thelocal
carryingcapacityfor predatorpopulations(primarily largegulls andfoxes). The Service,
otheragencies,andlocal communitiesshouldwork together(seetaskA4.1) to investigate
and, if feasible,implementmechanismsfor reducingwasteavailability to wildlife in
SpectacledEider range. Thisconcernshouldbe addressedin section7 consultations,
whereappropriate.

A13. Conductexperimentaltranslocationof both wild and captive-rearedeidersto assessthe
feasibility of this methodfor recolonizingvacatedareas. If currentpopulationtrendscontinue,
SpectacledEiderswill reachcritically low numberson at leasttheYKD within the next few
decades.Translocationexperimentsshouldbe completedbeforetranslocationor captive
rearingandreleasebecomenecessary,so thattranslocationcould-beimplementedefficiently
shouldtheneedarisein thefuture. Experimentswith similar speciessuchasKing Eidersmay
be appropriate.Translocationbetweenpopulationsshouldnot be initiateduntil distinctiveness
ofthepopulationsis evaluated(taskH2.).

A14. Maintaina captiveflocks programto supporttherecoveryeffort for SpectacledEiders

:

Captiveflocks would beusedfor studiesof physiology,body condition, andcontaminants
effects,andfor documentationof plumagesequences,developmentof non-lethaldiet sampling
techniques,developmentof captivepropagationtechniques,andotherstudies. The Service
shouldwork cooperativelywith theInternationalSpeciesInformationSystemandCaptive
BreedingSurvival Groupto maintainan up-to-datedatabaseof all captiveSpectacledEiders
worldwide. The Servicealsoshoulddevelopaprotocol for handlingsickor injuredbirds
found in the wild. Criteriaareneededfor determiningwhetheror not birds found
incapacitatedin thewild shouldbe transportedto a rehabilitationcenteror treatedin thefield,
andwhethertheysubsequentlyshouldbereleased,sentto acaptiverearingfacility, or
sacrificedfor necropsyandanalysis. (Initiated 1994)
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AlS. Producea handbooksummarizingall informationon identifying, ageingandsexing
SpectacledEiders This information, including plumagesequencesandmorphology,isneeded
to assistwith ageingandsexingbirds in thehandandduring aerial, boatandgroundsurveys.

B. Abundanceand Distribution

Bi. Delineateand monitor breedingpopulations Changesin listing status(Threatenedto
Endangered,Endangeredto Threatened,Threatenedto delisted)will be basedon total numbers
ofbreedingbirds andchangesin thenumbersof breedingbirds in thethreebreeding
populations(YKD, NS, AR).. Breedingpopulationscannotbe adequatelymonitoreduntil the.
major breedingareasaredelineated. Presentlyonly the YKD breedingareais thoroughly
describedandmapped;thegeographicdistributionandrelativedensitiesof breedingpairson
theNS andAR arecurrentlybeingdetermined. Managementactionsto preventextinction
dependuponknowingwhethera populationis decliningrapidly or hasalreadydeclinedto
critically low numbers. Thus, populationmonitoringis critical for speciesrecovery.

Surveysfor monitoringeiderpopulationsmustbe efficient andaffordableto be maintained
over extendedperiods. Aerial surveysappearto offer thegreatestpotentialfor cost-efficient,
long-termsurveysoverthebreedingrangeof the species.

If surveysindicatedthatall threepopulationsweredeclining,a commoncausativeproblemor
problemswouldbe indicated. In contrast,different trendsamongpopulationswould suggest
that theprimarycausesof observeddeclinesoccurredon thebreedinggroundsor on distinct
at-searanges. Trendandabundanceinformationwill assistin settingpriorities for tasksto
identify obstaclesto recoveryandcausesof decline. Trendsandabundanceestimatesshould
beof sufficient accuracyandprecisionto satisfytheRecoveryCriteria.

Bi. 1. Determinethebreedingrangeandrelativeabundanceof SpectacledEiderson the
Ni Experimentalsurveysinitiated in 1992 definedthegeographiclimits and relative
abundanceof thisbreedingpopulation. (SeetaskB1.4.2.4for long-termmonitoringon
NS). Completed.

Bl .2. Determinethebreedingrangeand relativeabundanceofSpectacledEidersin AR

.

Thedistributionandrelativeabundanceof the AR populationispoorlydefined.

Bi .2.1. CompletegeographicallyextensivesurveysacrossAR. The Servicehas
attemptedwaterfowlbreedingpair surveysin AR for a few years; surveyresultsfrom
1993and 1994permittedgrossdelineationof SpectacledEider breedingareasand
relativenumbersin AR. Analysisandmappingof generalrangewerecompletedin
1995.

B1.2.2. Quantify breedingpopulationsizeon theIndigirka River Delta, AR. An
intensivesurveyfor breedingpairson theIndigirka in 1994wascompleted.
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B1.3. Determinethebreedingrangeand relativeabundanceof SpectacledEiderson St

.

LawrenceIsland. Residentsof St. LawrenceIslandreportthatSpectacledEidersarestill
nestingon theislandandtheybelievenestingnumbersmaybe substantial. Thepossibility
thata viablenestingpopulationis extanton St. LawrenceIslandshouldbe investigated,
either with aerialor ground-basedsurveys.

BI.4. Monitor trendsand generatebreedingpair abundanceestimatesfor the three
breedingpopulations.At present,aerial‘surveysaretheonly techniqueknown to be
feasiblefor monitoringvery wide rangingpopulationssuchason theNS andAR. The
effectivenessof currentsurveys(NS andYKD coastalbreedingpair aerialsurvey)should -

be evaluatedin light of theRecoveryCriteria. If precisionrequirementsin the Recovery
Criteriacannot be metwith currentmethodsthen surveydesignshouldbe re-evaluatedand
modified. Poweranalysesto determinethe magnitudeofpopulationchangedetectableon
currentsurveysshouldguidedecisionson surveyeffort and frequency. Resultsof Bi. 1.
andB1.2. will definethe geographicrangeandrelativeabundanceof NS andAR
populationsin orderto designappropriatesurveysfor theseregions.

B1.4.1. Developmethodsfor determiningvisibility correctionfactors. Visibility
correctionfactorswith associatedinter-annualvariancesarenecessaryto provide
populationsizeestimatesfrom surveys. Biologistsgenerallyagreethathabitatsdiffer
significantly betweenthearctic (NS, AR) andsubarctic(YKD), andthatwaterfowl
visibility differs betweentheregionsevenwhen aerialsurveymethodsarethe same.
Hence,methodsfor determiningvisibility correctionfactorsmayneedto be specificfor
eachregion. The relativemeritsof variousmethodsfor developingcorrectionfactors
shouldbe assessed,including groundandaerialmethodsat different frequencies(e.g.,
annualor less frequently). Oncedeveloped,thesemethodswill be incorporatedinto
the surveysin taskBl .4.2. Following two yearsof experimentalassessmentson the
YKD (tasksBL.4.1.l and BL.4.1.4), the relativeutility ofaerialandgroundsurveys
for monitoringSpectacledEider breedingpopulationsshouldbe re-evaluated.

B1.4.1.1. Developvisibility correctionfactor methodsfor theYKD aerialsurvey

.

This taskmaybe possibleusing existingdatafrom air andgroundsurveys,although
thesedatasetsarenot directly comparable.Experimentaluseof helicoptersor
expandedfixed-wing surveysmay requireprior coordinationwith local
communities(following taskA4. 1.1).

BL .4.1.2. Developvisibility correctionfactormethodsfor the NS aerial survey

.

Recenthelicopter:fixed-wingsurveycomparisonscompletedby industrycontract
biologistsshouldbe evaluatedto determinewhethertheyprovidevalid methodsfor
calculatingvisibility correctionfactorson theNS. If not, thenalternativemethods
shouldbedesignedandimplemented.
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Bl.4. 1.3. Developvisibility correctionfactor methodsfor theAR aerialsurvey

.

Sinceaircraft usedin Russianaerialsurveystypically differ from thoseusedin
Alaska, eidervisibility is likely to differ aswell. Hence,visibility correction
factorsareneededspecificto this regionandtheaircraftor observationplatform
used.

Bl.4. 1.4. Developnestdetectioncorrectionfactor methodsfor the YKD ground
~ With an unbiasedcorrection-factorfor nestdetectionratesthe
groundplot datamayprovidethe bestannualestimateofabsolutebreedingpair
abundance.Presentsurveydesignassumesthatsomenestsaremissedduring these
mid’incubationsurveys,but theproportionmissedis relatively constantbetween
years. Further,it is assumedthatSpectacledEidersnestsynchronouslyandnever
or rarely re-nestif nestsaredestroyedafterincubationis initiated. Yet these
assumptionsmaynotbe valid andneedto be tested. Detectionratesmay vary due
to differencesin habitat, observertrainingor surveytiming; hence,detectionor
visibility correctionfactorsareneededto providemoreaccurateabundanceand
trendestimates.

Bl .4.2. Monitor trendsin thethreepopulations.Eitherexistingor newlydeveloped
surveysshouldbe implementedassoonasacceptablemethodsincorporatingvisibility
correctionfactormethodsaredeveloped(taskBi .4.1). To meet therecoverycriteria,
both absoluteabundanceandpopulationtrenddatamustbe monitoredin each
population.

B1.4.2.1. Analyzeexisting YKD aerialandground surveydatato refine survey
m~ibQds.~. Both aerialandgroundsurveypopulationestimatesmaybe improvedby
re-stratifyingthe sampledesignor re-allocatinggroundsurveyeffort. Datasetsare
presentlybeinganalyzedto determinewhetherprecisioncan be improvedwith
changesin thesurveydesign. If re-allocationof effort is warranted,survey
methodsshouldbe revisedaccordingly. Additional analysesshould: 1) evaluatethe
effectsofbreedingphenologyon resultsobtainedfrom eiderbreedingpairssurveys
asthey arecurrently conductedon theYukon Delta, and2) examinebiasassociated
with extrapolatingeiderestimatesoutsideof sampledareasasis currentlydonefor~
theYukon Delta surveys. Potentially,a separatesurveyfor SpectacledEidersmay
be i~eededsincetheexisting surveysweredesignedprimarily for geeseand
optimizationfor SpectacledEidersmaybe incompatiblewith objectivesfor other
species.This effort is ongoing.

Bl .4.2.2. Continuethe YKD coastalbreedingpair surveyor implementalternative
SpectacledEider surveyasdeterminedin Bl .4.2.1. Thecurrentaerialsurvey
methodincorporatesfixed-wing, systematicstrip plots overextensivegeographic
areas. Singlebirds, breedingpairs,and flocks areenumeratedseparatelyto
generateestimatesof total breedingbirds. If taskBL .4.1.1 resultsin
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recommendationsfor expandedsurveys,particularlyusing helicopters,thenlocal
villagesand theWaterfowlConservationCommitteeof theAssociationof Village
CouncilPresidentsshouldbe informedandconsulted(seetaskA4.1.1).

B1.4.2.3. ContinueYKD groundplot survey. The groundplot surveyprovidesthe
only estimateof actual nestnumbers. Trendsin nestabundanceprovidecritical
informationaboutpopulationdynamics. If non-breedingbirds return to nesting
groundsandarecountedon aerialsurveys,thosesurveysmaynot detectpopulation
changeswhile actualnestnumbersor total productivityaredeclining. In addition,
groundplot surveysmay assistin evaluatingvisibility biason aerialsurveys.

BL .4.2.4. Designand implementa NS survey. Resultsof exploratorysurveys
(tasksB1.1 andB1.4.1.2)shouldbe usedto designa surveyprogramfor theNS;
eithercontinuingor revisingthecurrentsurveyprotocol.

B1.4.2.5. Designandimplementan AR survey. The optionof dividing theAR
rangeinto two or moresurveyareasto be surveyedin successiveyears,with an
index areato be surveyedannually,shouldbe investigated. The logisticaland
economicfeasibilityof alternateapproaches,either an American-ledcooperative
surveyor trainingRussianpilotsand biologiststo assume.surveyresponsibilitiesfor•
AR population,shouldbe investigated.The resultsofjoint venturesurveyswith
U.S. andRussianbiologists,andboth ServiceandRussianaircraft (tasksBl.2.1
andB1.4.1.3), shouldbe helpful in determiningthefeasibility andquantitative
comparabilityof a Russian-ledsurvey.

B2. Delineateat-searangeand relativeabundanceof SpectacledEidersby breeding
p~pulali~n,. SpectacledEider distributionaway from thebreedinggroundsispoorly known.
Sinceeidersspendmostof their lives at sea,understandingat-seadistributionwill be critical to
determiningandaddressingthreatsto thepopulations.Identifying thelocation(s)andtiming
whereannualmortality isgreatestwould be especiallyusefulfor directing researchand
recoveryactions. Other factorsthatmaybe influencingpopulationtrends,suchasmarine
foodabundanceandcontamination,canonly be investigatedif at-seafeedingareasareknown.
Further,it is importantto determinewhether,where, andwhenthe threebreedingpopulations~
sharehabitatsaway from nestinggrounds. Suchinformation may revealdifferencesbetween
thepoPulationsand their trends. Hence,SpectacledEider movementsandhabitatsduring non-
breedingshouldbe determinedfor eachofthe threepopulations.

B2. 1. Delineatenon-breedingdistributionsof SpectacledBiderswith satellitetelemetry

.

Preferably,satellitetelemetrywould be implementedsimultaneouslyin thethree
populationsto clarify intra-annualrangeoverlap. Dueto logistical andcostconstraints,
however, thethreepopulationswereproposedin sequence.In 1995, however, transmitters
wereimplantedin birds from all threepopulations.

57



B2.1.1. ImplementYKD satellitetransmitterprolect. Transmitterimplantsinto
birds at Hock Slough,YKD, wasinitiated in 1993 andshouldcontinueuntil sample
sizerequirementsaremet. Preferably,theYKD telemetrywork shouldbeexpandedto
includean additional studysite to test whetherYKD breedersusecommonpost-
breedinghabitats. (Completedin 1995.)

B2.1.2. ImplementNS satellitetransmitterproiect. This projectwould follow the
YKD project. (Initiated in 1995.)

B2.1.3. implementAR satellitetransmitterproiect. - This project.wouldfollow the
NS project. (Initiated in 1995.)

B2.2. Identify, describeandmonitor useof at-seahabitats. Initial surveyeffortsshould
be basedon: (1) locationsderivedfrom satellitetelemetrystudies,(2) otherdirect
observations,and(3) an assessmentof probablehabitatssuchaspolynyas. Surveysmaybe
aerialor ship-board,dependingon locationandlogisticalconstraints. Otheropportunities
to obtain at-seadistributionandhabitatdataopportunistically,suchasmarinemammal
surveys,shouldalsobe pursued. Thesesurveyswill confirm anddescribetheextentto
which SpectacledEidersusetheareaswheretransmitteredbirds arerecordedor non-
transmitteredbirds areobserved,preferablyin theyearwhensatelliteor observationdata
areobtained. Initial efforts shouldalsobe usedto assessthefeasibility of a geographically
extensive,multi-yeareffort designedto identify themajor at-seaareasandprovidedataon
distribution,numbers,sexandageratios, andannualgeographicalvariability of use.

If feasible,identifying summeringsites for non-breedingbirds would bevaluableto
determinethemagnitudeandsexandage compositionof thenon-breedingcomponentsof
eachpopulation. If thenumberof non-breedingbirds couldbe determinedannuallyby
population,thenpopulationtrendson thebreedinggroundscouldbe interpretedmore
accurately.

The geographicrangeofjuvenilesaway from thebreedinggroundsshouldalsobe
determined,especiallyby tracking transmitteredfemalesafterbreeding(assumingjuveniles
staywith females)orjuvenilesafterfledging (seetasksC2.1 and C2.2). In particular, it is
importantto determinelocationswherejuvenilescongregateafter fledgingandduring the
pre-breedingyears. Sincejuvenilemortality is thoughtto be substantialimmediatelyafter
they movefrom nestinggroundsto salt water, valuabledemographicdatamightbe
obtainedif fall stagingareaswereidentifiedandsurveyed. Informationon reproductive
successof theYKD populationcouldbe obtainedby conductin~2 photo flights ofNorton
Soundin early AugustandlateSeptemberto determinechangesin sexandageratios. In
addition,surveysof eidersusingKuskokwim shoals(and areassouth)duringAugust
shouldbeconducted.
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Onceidentifiedandgenerallydescribed,at-seahabitatsshouldbe mappedin a GIS by
sourcepopulation,season,ageandsex. Long-termmonitoringplansshouldthen be
developed. Initial at-seasurveyswill be somewhatopportunistic,for example,asnew
satellitetransmitterdataaccumulate.In general,however,thefollowing list shouldguide
surveypriorities,wherefeasible:(1) mid-winter(Februaryto earlyMarch); (2) molting
females(late Augustto earlySeptember);(3) post-fledgingjuveniles(if different from #2);
(4) spring staging(April); (5) otherstaging,e.g., post-breeding/earlywintering; (6)
molting males(late July to August); and (7) summernon-breeding(Juneto July or later).

B3. Quantitativelydescribeat-seahabitats. Marinehabitatsandhabitat-usearepoorly -

understood. Quantitativehabitatinformationwould be usedin identifying obstaclesto
recovery,determiningsitesfor anynecessarystudiesof eiderbiology andecology,and
ensuringthe long-termsecurityof thesehabitats. This taskwill dependupontheresultsof
taskB2.2., althoughcataloginginformationrelatedto known useareasshouldbe initiated
immediatelyandcontinuallyupdated.

B4. Quantitativelydescribebreedinghabitats. Quantitativehabitatdescriptionmaybe
usefulin understandingpotentialthreatsto SpectacledEiders, suchasaccumulationof lead
shot. Informationon nestingandbrood-rearinghabitatswill be usedto ensurelong-term
securityofthesehabitats. While this taskis not presentlya high priority comparedto other
recoverytasks,dataon breedinghabitatscanandshouldbe obtainedincidentalto othertasks.
Site-specifichabitat informationmaybe importantfor meetingsection7 consultation
requirements(taskA11.1).

B4. 1. Describenestingandbrood-rearinghabitatson theYKD. Substantialdataare
currentlyavailable,particularlyfrom theHock Sloughstudysite. Thesedatashouldbe
analyzedandsummarized.

B4.2. Describenestingandbrood-rearinghabitatson theNS. Habitatinformationmaybe
neededto fulfill section7 consultationrequirementsfor federally-permittedprojectsin the
NS oil fields. Thesedatamaycontributeto assessinghypothesesaboutindustrial
developmentimpacts(taskCS.6)andshouldbeusefulfor comparisonswith other
populations.

B4.3. Describenestingandbrood-rearinghabitatsin AR. This taskshouldbe
accomplishedasopportunitiesarise.

C. 1~opnIaIianJ~ynamhs

Cl. Determineagestructureof SpectacledEider populations.Epidermalagingtechniques
may providean accurateandefficient methodfor instantaneousmeasuresof theage structure
in anyeiderpopulation. Age structure,in turn, indicateswhetheradultor juvenilemortality is
affectingthepopulationdisproportionatelyandcouldguiderecoveryinvestigations(see
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AppendixIll). Sinceepidermalagingof apopulationcould be accomplishedin a single
season,this approachcouldsubstantiallyreducetheneedfor time-intensiveandmore
disruptivesurvivorshipandproductivity studies. Epidermalaginghasbeensuccessfully
developedfor mammals. This approachneedsto be evaluatedfurther on SpectacledEiders
(preliminaryeffortsin 1994 wereencouraging).If implementationtestsaresuccessful,all
breedingpopulationsshouldbe sampled.

C2. DescribeSpectacledEider reproductionandsurvival rates. Obtainingvalid
demographicdatafor SpectacledEidersis necessaryto refine the demographicpopulation
modelandevaluatechangesin thevaluesusedfor modelparameters.Populationmodeling
will requiresurvivorshipdatafrom all life stages. Detaileddemographicmodelingis needed
to illuminateprobablecausesfor thepopulationdeclineandobstaclesto recovery. It isalso
critical for calculatingextinctionandrecoverytimesfor variouspopulationsizes. Further,
demographiccomparisonsbetweenthethreepopulationswill shedlight on possibledistinctions
betweenthemandtheir distinct recoveryneeds.

C2.1. Quantify annualsurvivalandfecundity ofadult females. Annual survivaland
fecundityestimatesareneededfor adult femaleeiders. Theongoingsurvivorshipstudy
relieson marking with colormarkersandre-sightingmarkedbirds. Annual survival
shouldbe estimatedfor a 3- to 5-yearperiodin at leasttwo studyareaswithin each
population. Initial marking beganin 1993at two studyareason the YKD. Required
samplesizeswill needto berefinedbasedon preliminary returnobservations,so that
hypothesistestsaboutsurvivalhavesufficient statisticalpower(0.8).

In additionto survivalrates,observationsof markedbirds will providedataon the
breedingfrequencyamongbreeding-agefemales. If non-breedingfemalesreturnto the
nestingground, it mayalsobe possibleto measuretheratioofbreedingto non-breeding
femalesdirectly and determineif annualchangesin the ratio canbe detected. Depending
on samplesizes,survivorshipmaybe comparedbetweensuccessful,unsuccessful,andnon-
breedingfemales,orbetweenfemalesexposedandnot exposedto lead. Combinedwith
datafrom radioandsatellitetransmittersattachedto breedingfemales(taskB2. 1), marking
will alsohelp to determinethedistancefemalesmovefrom previousyears’ nestsitesand
augmentour understandingof nestsitephilopatry.

Alternativemarkingmethodsthataremoreefficient maybe developedin thefuture, such
asremotemarkerdetection. Thesemethodsshouldbe assessedandimplementedin place
ofcolor markingwhereappropriateandfeasible. The alternativeapproachof measuring
instantaneouspopulationagestructure(seetaskCl) mayalsosupplanttheneedfor multi-
yearsurvivorshipstudiesin thefuture.

C2.1.1. Implementadult femaleand brood survivorshipstudieson theYKD

.
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C2.1.1.1. Conductadult female and brood survivorship studiesat Hock Slough and
Kigigak Island on the YKD. A color markingprojectwasinitiated in
1993 attwo studysites andison-going. This study shouldbe expanded
to monitor survivalof broodsandhensafterhatch andexamine
differencesin survivalof hensexposedandnot exposedto lead.

C2.1.1.2. Tdentify a studysite on theYKD freeof accumulatedlead shot for a
studyof adult femaleandbrood survivorship

.

C2.1.1.3. Conductadult femaleandbrood survivorshipstudy at lead free studysite

Qfl±~YKD4

C2.1.2. Implementadult femaleand brood survivorshipstudy on the NS

.

C2.i.3. Implementadult femaleandbroodsurvivorshipstudy in AR

.

C2.2. Quantifyjuvenilesurvival from fledging to recruitment,anddetermineageat first
breedingandnatalphilopatry. If recruitingbirds returnto their natalareaor other
breedingareasthatarebeing intensivelystudied,attachingcolor markingsto juvenilesjust
beforefledging mayprovideimportantdataon recruitmentrates,ageof first breedingand
natalphiopatry. Successwill dependin part on attainingsufficient samplesizesto
overcomepresumedhigh mortalityratesbetweenfledging andrecruitment. A
supplementalor alternateapproachto estimatejuvenilesurvivalwith telemetryis included
in taskC2.3. anda potentialalternativefor determiningpopulationagestructureestimates
is includedin taskCl.

Preliminarymarkingisongoingandshouldprovidedatafor determiningsamplesizes
necessaryto estimatesurvivalwith power = 0.8. If theprojectis feasibleandsample
sizescanbeobtained,color markingshouldbe implementedon a wider scale. In cases
wherefundsarenot availableto completebandingprojectsfor both adult femalesand
juveniles, theadult birds shouldreceivepriority.

C2.2.1. Implementjuvenile survivorshipstudyon theYKD

.

C2.2.2. Implementiuvenile survivorshipstudyon theNS

.

C2.2.3. Implementjuvenilesurvivorshipstudy in AR

.

C2.3. Determine location and timing ofjuvenilemortality from fledging to oneyear

.

Survivorshipdataobtainedthroughleg color-bandingor othermethods(taskC2.2) maybe
inadequatebecauseoflow returnratesdueeitherto high mortality or emigration. Dataon
post-fledgingand first winter mortality might be attainableby attachingsatelliteor
conventionaltransmittersto juvenilesandtrackingthem. Radio transmitterswould be
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feasibleif post-fledgingstagingareashavebeenidentified (taskB2.2.3) andmayalso
providenewinformation aboutpost-fledgingareasif juvenilesaredetectedcoincidentally
with othersurveys. Presumedhigh mortality ratesfor juvenilesmakethis approachless
favorable. The bestmethodsshouldbe determinedthroughpreliminarystudies. These
studiesshouldevaluatejuvenilemortality beginningafterday45, whentheducklingsare
fully featheredwith full wings, but beforetheymigrateto thecoast. Follow-up surveysof
post-fledginghabitatsshouldbe incorporatedin projectplans(seetaskB2.2).

C2.3.1. Implement juvenilepost-fledgingmortality studyon the YKD

.

C2.3.2. Implementjuvenilepost-fledgingmortality studyon theNS

.

C2.3.3. Implementjuvenile post-fledgingmortality study in AR

.

C2.4. Quantify duckling mortality. High nestingsuccessmay not correlatewith high
fledgingsuccessif ducklingssufferhigh mortalityrates. Further,sincepredationandlead
poisoningaresuspectedobstaclesto recovery,dataareneededon duckling survivaland
fledging rates. Samplingdesignshouldaccountfor localandannualvariation in duckling
survival, which may be substantial.Hence,studiesshouldbe conductedat morethanone
site perbreedingpopulation;optimally at the samesitesasthoseusedto determineegg
production,recruitment,andadult mortality.

C2.4.1. Assessand modify methodsfor radio-trackinghenson the YKD to monitor
bro&.znQlIality.. Studieson ducklingmortality shouldbe continuedat Hock Slough
until sufficient dataareavailableto evaluatevariability in ducklingsurvival. Study
protocols,which presentlyareunableto adequatelymonitormortality during thefirst
two weekspost-hatch,shouldbe assessedandmodified if feasible. Mortality
immediatelypost-hatchandwhile broodsaremoving from nestingto initial brood-
rearinghabitats--apresumedperiodof high mortality--mightbe detectedwith more
intensivemonitoring. Projectwasinitiated in 1993.

C2.4.2. Implementradio-trackingof henson theMS to monitor broodmortality

.

Comparabledataon broodmortality areneededfrom both developedandundeveloped-
siteson theMS to addressthe hypothesisthat industrialdevelopmenthasadversely
affectedlocal populations. Further, this informationis neededto interpretcomparisons
betweenNS andotherpopulations. Currentstudieswithin theMS oil fields couldbe
duplicatedin ecologicallysimilar, undevelopedsites.

• C2.4.3. Implementradio-trackingof hensin AR to monitorbrood mortality

.

C2.5. Monitor brood production. Broodsurveyswould providethemostdirectevidence
ofannualbreedingsuccessprior to fledging. Productiondatacollectedthusfar primarily
havebeenvery local in nature(associatedwith researchprojects)andmaynot be
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representativeof thebreedingpopulationsasa whole. Surveysshouldbe designedto be

representativeof thebreedingpopulations.

C2.5.1. Monitor brood production on the YKD

.

C2.5.2. Monitor brood production on the NS

.

C2.5.3. Monitor broodproductionin AR~

C2.6. Quantify clutchsizesandnestand eggsurvivalrates. Basedoncurrentdataand
preliminarymodeling (AppendixIII), low productionis not suspectedto havecausedthe
observedpopulationdeclines. Yet for detaileddemographicmodelingto be accurate,
annualproductiondatashouldbe gatheredin conjunctionwith duckling andadult
survivorshipdata. At leasttwo studysites should-be sampledfor eachof the three
populations. Samplingshouldincludeclutch sizeandhatchingsuccess.Studieswithin
eachpopulationshouldbe conductedconcurrentlyso thatdataarestatisticallycomparable.
Identifying theproximatecausesofeggmortality (e.g., infertility, deadembryos,
predation)may illuminatepotentialobstaclesto populationrecovery. Changesin clutch
sizeandhatchingsuccessshouldbe comparedamongyearsaswell aslocations. Some
previousstudiesmayprovidedatafor comparisonwith on-goingstudiesandthesedatasets
shouldbe evaluated.

C2.6.1. Monitor nestingsuccesson the YKD. Reproductivesuccessdatahavebeen
gatheredat theHock SloughandKigigak Islandstudysites since1992, providing
preliminaryinput for modeling. Although a low priority by itself, annualreproductive
successdatashouldcontinueto be gatheredat thesesitescoincidentallywith the
ongoingsurvivorshipstudies(taskC2.1.1),if feasible,so thatsite-specificpopulation
dynamicscanbe assessed.Further,indicationsof high frequencyof eggaddlingrates
on theYKD needto be investigatedto determineif addling has increasedandwhat
effectit mayhaveon total production.

C2.6.2. Monitor nestingsuccesson theNS. Comparabledataon nestingfrom both
developedandundevelopedsiteson theNS maybe usefulfor addressingthehypothesis
that industrialdevelopmenthasadverselyaffectedlocal populations. Further,this
informationis neededto interpretcomparisonsbetweenNS andotherpopulations.
Currentstudieswithin the NS oil fields couldbe duplicatedin ecologicallysimilar,
undevelopedsites. Reproductivesuccessdatacouldbe obtainedcoincidentwith
survivorshipstudies(taskC2.1.2) or section7-relatedevaluations.

C2.6.3. Monitor nestingsuccessin AR

.

C3. Evaluatetheimpactofbiological studieson eiderhatchingsuccessandbroodsurvival

.

Basedon studiesof otherspecieson the YKD andincidentalobservations,researchershave
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presumedthat their activitieshaveminimaleffectson bird populations. Yet dataarelacking to
demonstratethatbiological studiesdo not affectSpectacledEidernestingpropensity,clutch
size, nestingsuccess,or bird survival. The effectsof groundstudies,aerialsurveys,and
cumulative research-relatedactivitieson SpectacledEidersshouldbeinvestigatedand
quantified. Quantifyingthepotentialeffectswill alsoresolveissuesof potentialbiasin
samplingdesign,guidemitigation measuresto minimizeinvestigatoreffectsandpermitan
assessmentof whetherfurther, intensivestudiesareappropriate. This informationis also
importantfor addressingthehypothesisthathumandisturbancecontributedto theSpectacled
Eider declineor is an obstacleto recovery(taskCS.7).

C3.1. Evaluatethe effectsof nasalmarkers. On-goingmarkingstudiesincludeboth nasal
markersandleg bands. Sincebirdsaremerelyobservedandnot re-capturedfor marker
identification, nasalmarkersprovidesubstantiallymorereliablere-sightingratesthando
lessvisible leg bands. Although nasalmarkersarewidely usedon waterfowl andare
presumedto haveminimal adverseeffects,dataarelacking to demonstratethatmarker
attachmentdoesnot affectsurvival, nestingpropensity,clutchsize, andnestingsuccess.A
study sbouldbe conductedon the effectsof nasalmarkerson birds thatwinter in sub-
arctic, marineenvironments,preferablyusinga similar speciesratherthanSpectacled
Eiders. Quantifyingthe potentialeffectswill resolveissuesofbias in thesampledesign
andpermitan assessmentof whethermarkingstudiesareappropriate.

C3.2. Evaluatetheimpactsof nestingstudies. The studyshoulddeterminean accurate,
unbiasedestimateof changein predationor abandonmentratesasa resultof biologists
visiting nestsandgatheringinformationon eggsandhensduring incubation. (Threeyear
study initiatedon YKD in 1994).

C3.3. Convenea workshopto developmethodsfor evaluatingotherresearch-related
cff~is.1. Presently,methodshavenotbeendevelopedthat would providean accurateand
unbiasedestimateof theeffectsof aerialsurveyover-flights. In addition, the overall
impact of researchactivitiesneedsto be investigated,including butnot limited to camp
establishmentandoccupation,aircraft support,and, particularly, travelarounda study area
not directedto specificnests. Methodsfor determiningspecificresearcheffects,suchas
increasedpredationor nestabandonment,needto be determined. Workshopparticipants
shouldincludebiologistswith expertisein studyingdisturbanceeffects,statisticians,and
Nativerepresentativeswho areconcernedaboutthisissue. Implementationofadditional
impactsstudiesshouldbe basedon theresultsof this workshop.

C4. Refinethedemographicmodel for SpectacledEiders. Understandingthepopulation
dynamicsof this specieswill resultin a morerealisticassessmentof various,potentialcauses
of declineandobstaclesto recovery. An improvedmodel couldimproveour ability to
determinethecostsandbenefitsof reducingcertainobstaclesto recovery. The modelin
AppendixHI shouldbe refinedbasedon dataobtainedfrom tasksundertasksCl andC2. A
sensitivityanalysisshouldbe conductedto assesstheeffectsof uncertaintyandenvironmental
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stochasticityon parameterestimation. Theaccuracyof parametervaluesrequiredfor various
levelsof confidencein themodel mustbe determined,in additionto identifying how big an
errorin theestimatescausessignificantchangesin thepopulationparameters.Errorsin
currentestimatesmayneedto be reducedto improvethepredictivecapacityof thepopulation
model.

The model shouldincorporaterecruitmentandsurvival ratesof similar speciesuntil Spectacled
Eider databecomeavailable. If theAR populationis not declining,dataon reproductionand
survival from theAR populationwould be particularlyvaluableto further theunderstandingof -

“normal” SpectacledEider dynamics.-- Theeffectsof changesin reproductive-and survival -

parameterson SpectacledEider populationsandrecoveryshouldbe investigatedthrough
simulations. This wouldincludedeterminingthemagnitudeof changein eachparameter
necessaryto havea significantimpacton recoveryaswell asdetermininglikely causesfor the
decline. Parametersshouldinclude:adult survival, ageoffirst reproduction,nesting
propensity,clutch size, hatchingsuccess,broodsurvival, duckling survival, andfledgling
survival.

CS. Summarizeandevaluateavailableinformation on potentialcausesof declineand
obstaclesto recovery. Understandingtherelative, cumulative,or synergisticimpactsof
variousinfluencesoneiderpopulationswill assistin establishingprioritiesfor recoveryefforts.
-Preliminaryinvestigationsoutlinedin this planwill help to determinethepotentialmagnitude
of theeffectsoneiderpopulationsof contaminants,competition,subsistenceharvest,
predation,fisheries,NS oil developmentactivities, disturbance,andchangesin long-term
weatherpatterns. Datapertainingto thesepotentialcause(s)of theeiders’ declineand
obstaclesto recoveryhaveyetto be comprehensivelysummarizedandevaluated. Eachof
thesetopics shouldbe investigatedand thehypothesesrefined sothatdatacollectionduring the
exploratoryresearchphaseis focusedon hypothesis-testing.

The following 8 taskscall for preparingsummarydocumentsaddressing2 hypothesesabout
potentiallymajor influenceson SpectacledEider populations:(1) this factor wasan important
causeof theSpectacledEiderpopulationdecline; and (2) this factor is an importantobstacleto
populationrecovery. Thesedocumentsshouldsummarizeand evaluateall existing
information, including evaluationthroughmodeling,whereappropriate.Thesesummarieswill
be critical in developingworkplansand formulating moreprecise,testablehypothesesas
researchcontinues. Becauseour presentunderstandingof SpectacledEiderpopulation
dynamicsis so limited, thesetopicsshouldbe addressedindividually at first. In time, thegoal
shouldbe to developcomplexpopulationmodelsthatpermitassessmentof multiple factors
simultaneously.TasksCS.1-CS.10 shouldbe repeatedregularlyasdataaccumulateon each
topic.

CS.1. Preparesummaryreportaboutenvironmentalcontaminants.Thepotential
relationshipsbetweencontaminationand theobservedhistoricaldeclinesandrecovery
shouldbe evaluatedandsummarizedin a report. Existing informationon environmental
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contaminantswithin SpectacledEider marineandbreedingrangesneedsto be compiledand
evaluatedto identify which contaminantsmaybeadverselyaffecting SpectacledEider
populations(seetaskDl). The summaryshould: (1) deseribecontaminantconcentrations
recordedin eiders,othermarinebirds andmarinemammals;(2) interpretinter-population
variability in contaminantlevels; and(3) comparecontaminantlevelsto concentrations
found in otherspeciesandto levels known to causephysiologicalor behavioraleffectsin
waterfowlandmarinebirds (toxic andchroniceffects)(initiated 1994).

CS.2. Preparesummaryreportaboutcompetitionfor food andloss of food suppliesdueto
benthicdisturbance.The potentialrelationshipsbetweencompetitionand theobserved
historicaldeclinesand recoveryshouldbe evaluatedandsummarizedin a report.
Populationtrends,long-termdistribution,andfood habitsof potentialcompetitors
including othermarinebirds, walrus,andGrayWhalesshouldbe examinedandcompared
with thesetraits for SpectacledEiders(seetaskEl). The spatialand temporaloverlapof
SpectacledEiderswith potentialcompetitorsshouldbe compiledin a GIS database. All
availabledataon benthic faunafor at-seaSpectacledEider habitatshouldbe compiled. In
additionto direct competition,food suppliesmaybe inadequatedueto benthicdamage
causedby GrayWhalesdisplacingbenthicsubstrateswhile they feed. Thus indirect
competitionthroughbenthicdisturbanceshouldbe includedaspartof this hypothesis
testing. The levelsof resourceuseoverlap,niche breadths,competitorabundance,and
benthicdisturbanceshouldbe evaluated(this taskmayoverlapwith tasksCS.5andC5.9).

CS.3. Preparesummaryreportaboutharvest. Thepotentialrelationshipsbetweenharvest
andtheobservedhistoricaldeclinesand recoveryshouldbe evaluatedandsummarizedin a
report. Historical subsistenceharvestsurveydata,whereavailable,andanecdotaldata
shouldbecollectedandexaminedfor comparatibilityandpotentiallyfor use in examining
historicalchangesin magnitudeanddistributionof harvest. Historical sportharvestdata
shouldbe derivedfrom ADF&G andServiceharvestsurveysandanecdotaldata. Factors
thatmayhavecontributedto historical changesin the subsistenceandsportharvestsshould
be identified.

C5.4. Preparesummaryreportaboutpredation. The potentialrelationshipsbetween
predationon eggs,ducklings,andadults andtheobservedhistorical declinesandrecOvery-
shouldbe evaluatedandsummarized.Theevaluationshouldconsider:(1) gull population
trends,and foragingbehavioranddiets (taskG3); (2) correlationsbetweengull andeider
densitiesandchangesin thosedensitieson the YKD; (3) changesin fox populationson
both the YKD andtheNS, andeffectsof fox controlon waterfowl predation(taskGi);
and(4) population-leveltrendsfor otherfox and gull prey speciescomparedwith
SpectacledEider populationtrends.

CS.5. PreparesummaryreportaboutBering SeaFisheries. The potentialrelationships
betweenfisheriesactivitiesandthe observedhistoricaldeclinesandrecoveryshouldbe
evaluatedandsummarized. If preliminaryassessmentpoints to potentialinteraction
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betweenSpectacledEidersandfisheryactivities, thespatio-ternporalpatternsof Bering Sea
fishery activities, both seasonallyandacrossyears,shouldbe summarizedin a GIS data
base. Any availablefishery datashouldbe assessedto determinewhetherthesefisheries:
(1) impacteiderforaging ecology throughcompetition;(2) resultin substantialmortality
from colliding with lighted boatsduringperiodsof darknessor drowningin nets(task
A11.4.); (3) disturb benthicsubstrateswhereeidersfeed;and (4) coincidewith thetime
frameof theeiders’ decline(this taskmayoverlapwith tasksCS.2andCS.9).

C5.6. Preparesummaryreportaboutindustrialdevelopmenton the NS. The potential
relationshipsbetweenindustrialdevelopmentandthepossibledeclinesandrecoveryshould
be evaluatedand summarized.This summaryshouldincorporatedataon theimpactson
nestingsuccess,broodsuccess,ducklingsurvival, hensurvival, andnestingdistribution.
Thepotentialeffectsof anyplannedexpansionsor changesof facilities, roads,andother
structuresor changesin activity levels on recoveryshouldalsobe evaluated(this taskmay
overlapwith taskC5.7).

CS.7. Preparesummaryreportabouthumandisturbance.Thepotential relationships
betweenhumandisturbanceand the observedhistoricaldeclinesandrecoveryshouldbe
evaluatedandsummarized.Variablessuchasincreasesin thelocal humanpopulation,
changesin humanpresenceon thebreedinggrounds(including local residentsand
biologists),andchangesin amountof vehiculardisturbance(snowmachines,outboard
boats,off-road vehicles,aircraft)on the breedinggroundsshouldbe considered.

C5.8. Preparesummaryreportaboutchangesin long-termweatherpatternsandcurrent
±b~izpan~rns.The potentialrelationshipsbetweenweatherchangesandtheobserved

historicaldeclinesandrecoveryshouldbe evaluatedandsummarized.Long-termchanges
aswell asbrief, potentiallycatastrophiceventsshouldbe considered.Changesin local
(breedingground)andlargescale(BeringSea)weatherconditionsshouldbe comparedto
declinesin SpectacledEiders. Critical periodsin theeiders’ annualcycle suchashatch,
fledging, transitionof youngto marineenvironment,and winter conditionsshouldbe
examinedto identify plausiblelinks betweenpotentialor identified weatherchangesandthe
eiderdecline. Information on weather-relatedchangesin primary production,carbonflux
to the benthos,standingstocksof benthicbiomass,andabundanceor speciescomposition~
of eiderprey stockmaybe beneficial.

CS.9 Prepare summary report aboutchronicoiling from bilge pumping in Spectacled
Eider winteringhabitat. Thepotentialrelationshipsbetweenbilge dischargesandthe
observedhistoricaldeclinesandrecoveryshouldbe evaluatedandsummarized.Vessels
traveling in theBering andChukchi seasmaybeincidentallycontaminatingthe marine
environmentby pumpingbilge watercontainingpetroleumproducts. In cold waters,oil
degradesvery slowly andmayposea persistenthazardto marineanimals. Exposureto
evensmall quantitiesof oil maybe harmfulor fatal to seaducksincluding eiders,
especiallyduring severewinterweather. Seaducksthat winter in cold waterslikely have
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limited ability to withstandadditionalphysiologicalstressessuchasreducedwaterproofing
of feathers. Dataon vesseltraffic, bilge pumping,oil spills andchronicoiling shouldbe
compiledin a GIS database. Onceratesof potentialchronicoiling in at-seaSpectacled
Eidersaredetermined,effectson eiderpopulationsshouldbe evaluated(this taskmay
overlapwith tasksC5.2andC5.5).

CS.10. Preparesummaryreporton diseasesand parasites. A thoroughliteraturereview
shouldbe completedto identify commondiseasesandparasitesthatmayaffect eidersand
to determinetheir potentialprevalencein thepopulation. Basedon known effectsin other
speciesandanysamplingof SpectacledEiders(taskIi), thepossibleimpactof diseasesand
parasiteson eidersurvivaland fecundityshouldbe determinedto assessthepotential
contributionto observeddeclines.

D. £~ntaminanIs

Dl. Determinecontaminantslevelsin the threeSpectacledEiderpopulations. Exceptfor
leadpoisoningdueto leadshotingestion,nothingis known abouttheeffectsofenvironmental
contaminantson SpectacledEiders. Preliminarytissueanalysesfrom a few SpectacledEiders
suggestthatsomebirdshaveelevatedconcentrationsofseveralelements,including seleniumand
cadmium. Implicationsoftheseelevatedconcentrationsarepoorly understoodin seaducks. In
addition to metals, eiders may be exposedto organochlorine compounds,such asDDT andPCBs,
andradioactivecompoundsfrom oceandumpingofnuclearwastes. Only limited toxicological
information,mainly restrictedto mammalianspecies,is availablefor othernorthernspecies
inhabitingthesamegeographicalregionaseiders.

A smallbaselinesampleofSpectacledEidersshouldbe collectedfrom theirwinteringareasand
screenedfor presence,concentrationsandvariability ofcontaminants.To maximize the
informationgainedfrom thesebirds, physiologicalandtoxicologicalendpointsshouldalsobe
measured.If othercritical gapshavebeenidentified (taskCS.1), andif baselineanalysisindicates
apotentialproblem,protocolsfor obtainingadditionaldataon contaminantlevelsandassociated
physiologicalandhistologicalstatusfor individual populationsshouldbe implementedusingthe
least-impactmethodsavailable. Potentialpopulation-leveleffectsof collectingwild spectacled
eidersshouldbe identified beforecollectionis authorized.Potentialsourcesfor theimplicated
contaminantsin high-latitudemarineenvironmentsshouldalsobedescribed.Incidentally
collectedcarcassesshouldbenecropsiedandscreenedfor contaminants.Collectionofa sample
ofhealthybirds wascompletedin 1995.

D2. Initiate contaminantexposurestudiesin captivebirds. Dependingon theresultsoftask
CS.I andDl, it may becomeimportant to determinethe effectsof high contaminantlevelson
eiderphysiology,survival, andreproduction. If necessary,specificphysiologicalmarkersthat
couldbetied to contaminantlevelsandeffectsshouldbe evaluatedin controlledtrials with captive
birds to developmethodsfor field samplingwild birds. EithercaptiveSpectacledEidersor similar
speciessuchasCommonEidersmaybe suitablefor this study.
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D3. Determinecontaminant levelsin primary prey speciesand substrates.OncetheSpectacled
Eider’sprimary preyare known (task El), prey andsubstratecontaminantlevelscanbe
determined.Assessingprey andsubstratecontaminationwill indicatethecontaminanttransport
modesandexposurerates for SpectacledEiders.

D3. 1. - Determinecontaminantlevels in primarymarinepreyspeciesandsubstrates

.

D3.2. Determinecontaminantlevelsin primarybreedipgseasonprey speciesandsubstrates

.

OntheYKD, this taskcanbe accomplishedsimultaneouslywith leadshotinvestigations(task
D5.l).

D4. Investigatethefrequencyofexposureto ingestedlead shotofSpectacledEidersand other
speciesthatuseSpectacledEiderfeedinghabitats. Leadpoisoningby ingestionofleadshothas
beendocumentedin SpectacledEiderson theYKD. Studiesareneededto determine:(1) what
proportionoftheSpectacledEiderpopulation(s)is ingestinglead(e.g.,whetheror not lead
poisoningis alimited, local event); and(2) how extensivelyleadshot is distributedin tundra
ponds.

D4.1. Screenfor exposureto leadwithin theYKD breedingpopulation. SpectacledEiders
andsympatricspeciesshouldbe sampledfor bloodlead concentrationandleadshotexposure
frequency. Sitesshouldbe selectedto representa rangeofhabitatsusedby eachpopulation
(taskinitiatedin 1993).

D4.2. Screenfor exposureto lead within NS breedingpopulation. This taskcouldbe
accomplishedwhenbirds arecapturedfor telemetry(taskB2. 1.2). Sampleswere collectedin
thePrudhoeBayareain 1995.

D4.3. Screenfor exposureto lead within AR breedingpopulation. Samplingshouldbe
conductedopportunisticallyin thecourseofotherprojectsinwhich eidersarecaptured.
(Initiated in 1995)

D5. Investigate extentof lead shotoccurrencein SpectacledEider foraginghabitatswithin

n~flng..rang~.If feasible,SpectacledEiderforaginghabitatswithin currentbreedingrangeshould -

besystematicallysampledto determineleadshotdistributionandaccumulationlevels. The
priority ofthistaskwill dependon resultsofeiderscreening(taskD4).

D5.l. Investigateleadshotdistributionanddensityon the YKD

.

D5.2. Investigateleadshotdistributionanddensityon theNS

.

D5.3. Investigatelead shotdistributionanddensityin AR

.

D6. Investigatelead shotpersistenceandavailability to foragingeidersin coastalwetland

h~kiiaIa. In temperateclimatewetlands,wasteleadshottypically sinksbelowthe substrate
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surfaceafterayearand is no longeravailableto foraging ducks. Becausesoil dynamicsare
differentin sub-arcticandarcticwetlands,thelong-termbehaviorof leadshotathigher latitudes
is notknown. Controlled,site-specificstudiesofmulti-year leadshotbehaviorshouldbe
conductedin principal substratesfound in arcticandsub-arcticwetlandsusedby foraging
SpectacledEiders.

D6.1. Investigateleadshotpersistenceandavailability on the YKD. This taskwasinitiated
in 1994.

D6.2. Investigateleadshotpersistenceandavailability on theNS This taskwill only be
neededif eiderscreening(taskD4.2)indicatesaproblemwith leadexposureon theNS. A
studyofleadshotpersistenceon theNS potentiallywould illuminate concernsfor bothNS
andAR nestingpopulations,sincewetlandsoilsat similar latitudesmight besimilar.

D7. Determinecontaminantsources.transportmodes.anduptakemechanisms.If
contaminantsaredetermined.to beafactor affectingSpectacledEiders(tasksC5. 1 andDl),
studiesshouldbeinitiatedto tracecontaminantsto their source(s)(alsoseetaskD3).

D8. Designandimplementamonitoringprogramto assesscontaminantlevels in each
populationovertime. If contaminantsaredeterminedto be adverselyaffectingSpectacledEiders
(tasksDl andCS.1), along-termmonitoringprogramshouldbe implemented.

E. ERilahlila

El. Assesseiderdietsin marinehabitatsusedduringsummer,molting. fall staging.winter, and
~pring..~iaging.Knowledgeofeiderdietsis necessaryto understandpotentialobstaclesto
recoverysuchascontaminantsandcompetition.

El.1. Assessfoodhabits from incidentallyobtaineddata. Collectingadequatesamplesizes
for atraditionalfoodhabitsstudy(i.e., shootingtensofbirds or more),maynotbe an
acceptableapproachfor athreatenedspecies.Thus, food habitsinformation shouldfirst be
gatheredincidentallyfrom deadbirds andbirdscollectedfor otherpurposes(ongoing).

El.2. Developmeansofcapturinglive SpectacledEidersfor marinediet sampling. Task
El. 1 maynot resultin adequateinformationaboutfood habits. If food habitscouldbe
determinedwithout killing birds, then moreaccurateinformationaboutdiet wouldbe possible
without adverseeffectson thepopulation. Techniquesfor capturinglive eidersat-seashould
be developed.

El.3. Determinefoodhabits in marineenvironments. Stomachsamplesshouldbe obtained
by methodsdevelopedin taskEl .2, if feasible. If methodsfor capturinglive eidersat-sea
cannotbe developed,thenthepopulationeffectsofcollectingavalid sampleofwild birds
shouldbedetermined(seetaskC5.7). If thesepopulationeffectswould not threatenanyof
thepopulations,thencollectionsshouldbe implementedto assesseiderdietsin marine
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habitats.Wheneverwild birdsarecollected,datarequiredfor all pertinenttasks(e.g.,

contaminants,physiologicalconditions,diet, plumage)shouldbe obtained.

F. Hazi~L.Lcxda

Fl. Assessannualsubsistenceharvestof SpectacledEiders. SubsistenceharvestofSpectacled
Eidersandtheireggsshouldbe monitored. The magnitude,distribution, andsexand age
compositionoftheharvestshouldbe determined,preferablyannuallyfor all importantlocations.
Subsistenceharvestsurveyorsshouldbe trainedandpreparedto both provideand solicit
informationconcerningeiders. Anecdotalinformationon harvesttraditionsshouldbe collectedto
help directanddesignscientific samplingandalsoto illuminatethepossiblerangeofhistorical
harvestlevels. Harvestsurveytasksmaybe especiallysuitablefor cooperativeorcontractwork
asdevelopedundertheMemorandaofAgreement(taskA4).

Fl. 1. Re-analyzesubsistenceharvestdataof SpectacledEiders on the YKD and redesign
I~UUY~YL The precisionofsubsistenceharvestestimatesfrom theYKD mightbe
improvedsubstantiallywith alternativeanalysistechniques.The datashouldbe re-analyzedto
calculateharvestlevelsin only the stratain which SpectacledEiderswereharvested.Adjusted
estimatesfor harvestandannualvariationwill beusedfor hypothesisevaluation(taskC5.3).
This analysisshouldalsodirect re-designoftheharvestsurveysto improveprecision.

Fl .2. ContinueYukon-KuskokwimDelta and St. LawrenceIslandsubsistenceharvest
~liD~~L Annual subsistenceharvestsurveyshavebeenconductedon theYKD since1985
andon St. LawrenceIslandsince1993. If re-analysisandre-stratification(taskFl. 1) do not
improveprecisionsufficiently to permithypothesistestingaboutharvestimpacts,thenoptions
for revisingmethodologyshouldbe explored. Futuresurveysshouldbe designedto assess
andimproveaccuracy,providepreciseharvestestimates,andevaluatethe effectivenessof
harvestreductionprograms.

Fl.3. Determineharvestlevelson theNS andin theBering Strait region(otherthanSt

.

La~r~n~1~1nnd).SpectacledEidersareharvestedin severalvillageswhereharvestsurveys
arenot currentlyconducted,but thedistributionandquantityof harvestin theBering Strait
and on theNS arenot known. Surveysthatprovideprecise,accurateharvestinformationare
neededfor all AlaskanvillageswhereSpectacledEidersarelikely to betaken.

F 1.4. Assessthefeasibilityof initiating aharvestsurveyin Russia. Theharvestlevel in
Russiais unknown. Anecdotaldatashouldguideestablishmentofa subsistenceharvest
surveyin AR. This taskmayalsoincludegatheringinformation on non-subsistenceharvest
andscientificcollecting(seetaskA12).

G. Er~dnIism

01. Assessfox predationlevelson SpectacledEiderproductivity. Currentfox predationrates
shouldbedeterminedat anumberof sitesto assesspredationratesthroughoutthepopulations.
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The reproductivestages(eggs,young,adults)wherefox predationis mostseriousshouldbe
determined,to guidepossiblecontrolactivities(taskA13.1). Inter-annual variation in fox
predation andtherole ofbuffer speciesshouldbeevaluated.

02. EvaluateSpectacledEiderpopulation-widecontrol offoxesasameansto improve
reproductivesuccessof SpectacledEiders. Onislandswherefoxescanbecompletelyeliminated,
fox control hasbeenimplementedto increaselocal waterfowlproduction(also seetaskA13.1).
Previousexperimentswith fox controlon theYKD, however,indicatethatattemptsto control
fox predationratesby reducingfox numberswith theexperimentalmethodswill notbe successful
on awide scale. Yet, sincepredatorcontrolis oneofthefew toolscurrentlyavailablewith any -

hopeofaffectingSpectacledEider survival, furtherassessmentofthefeasibilityand effectiveness
ofwidespreadfox controlfor boostingSpectacledEider survival is warranted.The impactsof
fox removalon eiderproductivity,andadult survival, if feasible,shouldbe studiedat two ormore
ecologicallysimilar, non-islandsites(i.e., control andremovalareas). The feasibility ofwide-
spreadcontroloffoxesshouldthenbeevaluated.

03. Determinegull foragingpatternsandpopulationtrendson theYKD. Theseongoing
studiesaredesignedto assess:(1) gull populationsizeandhistoricaltrendsin gull numberson the
YKD; (2) correlationsbetweengull densitiesandeiderdensitiesandcorrel~tionsbetweengull
densitiesandchangesin eiderdensities;and(3) gull food habits andforagingbehavior. Summary
resultsfrom this studywill contributeto taskC5.4by assessingtheimportanceofavianpredation
within theYKD eiderpopulation. Basedonthis assessment,expandedstudiesofregionalgull
populationsandoverwintersurvival ratesmaybewarranted.The gull food habitsstudywas
concludedin 1995. SpectacledEider ducklingswerenotconsumedby anyoftheGlaucousGulls
sampledin theHazenBayareain 1994.

04. Evaluatepopulation-widecontrolofgulls asameansto improvereproductivesuccess01

Spta~1~d..Ejd~r~.Gull populationsarethoughtto haveincreasedin coastalhabitatsin recent
decadesdueto increasedavailabilityof wastefood supplies. If gull predationon youngeidersis
determinedto be an obstacleto recovery(tasksG3 and C5.4),the potentialmeansfor reducing
predationby controllinggulls shouldbe identified, thenthefeasibilityandeffectivenessofguil
control shouldbe investigated.A studyto assesstheimpactsofgull removalon SpectacledEider
productivityshouldthenbeimplemented. The studyshouldbe conductedon at leasttwo
ecologicallysimilar, control andremovalareas. The feasibility ofwide-spreadcontrol of gulls
shouldbe considered.Controlmeasuresmay includeeliminatinggull coloniesthroughreducing
gull foodsupplies(e.g.,improving landfill managementand changingfishery wastedisposal
methods)or repetitivenestdestruction(seealsotasksAl 1.1, A13.2and A13.3).

H. L~n~ti~a

Hl. Determinepopulationstructureandgeneflow betweenthe majorbreedingpopulations

.

Themagnitudeofvariationin genefrequencyamongnestingpopulationsis afunctionoftherate
ofinter-populationgeneflow and effectivebreedingpopulationsize. Nuclearandmitochondrial
DNA genefrequenciescanbe usedto assessthedegreeofreproductiveisolationamongnesting
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populations.The presenceof“unique” alleleswithin specificpopulationsis alsoimportant,as
• certainpopulationsmayharboragreaterproportionofthetotal speciesgeneticdiversitythan

might otherwisebe expectedbasedon total populationsize alone. Geneticsamplesshouldbe
takenfrom morethanoneareawithin eachgeographicallydefinednestingpopulationandfrom
peripheralareasincluding St. LawrenceIsland andthe SewardPeninsula.Samplingwasinitiated
in 1993.

112. Assessevidencefor ecologicaland geneticdistinctnessoftheYKD NS.and AR
pjjj~n~ If populationsegmentsarereproductivelyisolated,theymayexhibit heritable
distinguishingcharacteristicsthatwarrantspecialmanagementconsideration.Hence,it is
importantto evaluateevidencefor ecologicalandgeneticdistinctnessbetweenpopulations.To
the extentpossible,this assessmentmustcarefully sortout differencesthatarelikely heritable
from thosethatarelargelyinfluencedby environmentalfactors. Directgeneticstudies(e.g.
electrophoresis,DNA analysis)may beinconclusive,but adaptive,heritabledifferencesmaybe
indicatedindirectly from examinationof othercharacteristics.Phenotypicandlife history traits
and habitatcharacteristicsshouldbeevaluatedfor eachpopulation. Onceprotocolsfor incidental
datacollectionaresetup, datafor this taskcanbe obtainedaspart ofothertasks(e.g.,birds
handledfor bandingorat museums).

NuclearDNA studiescompletedin 1995suggestedthepresenceofonepanmicticSpectacled
Eiderpopulation. However,heritabledifferencesin suspectedfemale-philopatricspeciessuchas
SpectacledEiderswould likely be moreevidentin mitochondrialDNA. Studieswill be initiated in
1996.

113. Determinegeneticvariability within eachofthreenestingpopulations. Genotype
frequenciesand measuresofgeneticvariability obtainedfrom nuclearand mitochondrialDNA
markerscanbeusedto assesswithin-populationbreedingstructure(i.e., potential inbreeding)and
to comparepopulationmeasuresof geneticdiversitywith knownaspectsofeachpopulations’
ecology(e.g.,recruitmentandbreedingpopulationsize). Comparisonsshouldbemadebetween
presentpopulationlevelsofgeneticdiversity-andestimatesbasedon samplesobtainedfrom
museumspecimenscollectedfrom thesameareasprior to populationdeclines(seedataobtained
for taskHi). The magnitudeofchangein geneticdiversityandpopulationgenefrequencyshould
beusedto evaluatethepotentialeffectsofdeclinesin effectivebreedingpopulationsizeand
degreeofisolationfrom othernestingpopulations.

I. Diseases.Parasites.andPhysiologicalCondition

Il. Screeneidersfor diseasesandparasites.Diseaseandparasitescreeningshouldbe completed
on all eiderssalvagedor collectedfor otherpurposes;collectingbirdsspecificallyfor diseaseor
parasitescreeningis notwarrantedat this time.

12. InvestigatephysiologicalconditionofSpectacledEiders Whethercausedby poorfood
supplies,chronicoiling, metalcontamination,orotherfactors,poorphysiologicalconditioncould
resultin unsustainablemortality levels. Determiningwhetherbody conditionin SpectacledEiders
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is inadequateto sustain“normal” survivalrateswould guideresearchandmanagementactivities
towardpotentialcausesfor reducedbody condition.

12.1. Collectstandardbloodpanels. Blood analysisprovidesan indicationofoverallbody
conditionandstressin live birds. Opportunisticcollectionofbloodsamplesfrom eiders
trappedfor otherstudiesandfrom captiveflockswas initiated in 1994. Samplesshouldbe
collectedfrom eachpopulationto allow comparisonsbetweenthebodyconditionindicators
and relative“health” ofthethreepopulations,captivebirds, andrelatedspecies.

12.2. Determineand evaluatebody conditionindicesfor SpectacledEiders. Body condition
(suchasbody fat levelofdeadbirdsor theratio ofbodymassto somemeasuresofbody size
oflive birds) shouldbe evaluatedin SpectacledEiderscollectedincidentallyorhandledfor
otherstudies. Thesedatashouldbe comparedto survivalandreproductivesuccessdatafor
therepresentedpopulation. Preliminarydatawould alsoestablishsamplesizesneededfor a
comprehensivestudy.

12.3. EvaluatethephysiologicalconditionofSpectacledEidersthroughouttheyear. Based
on theresultsof12.2, astudyshouldbe designedandimplementedto evaluatethe
physiologicalcondition of SpectacledEidersat differentlocationsthroughouttheyear. Non-
lethal methodsshouldbe usedif theyprovidestatisticallyreliableinformation;collecting
shouldbeimplementedonly if it is determinedthat it will notadverselyaffectanypopulation.

12.4 ComparedistributionsofSpectacledEiderbodyconditionwith thoseofrelated
sp~i~a. If the distributionofSpectacledEiderbodyconditionsdiffers from relatedspecies
thataresharingsimilar habitats,mortality factorssuchasheavy metal contamination,food
scarcity,parasites,ordiseasemight be implicated. However,if thedistributionofbody
conditionsis comparableto that for othersimilar species,othermortality factors (e.g.,
predation,subsistenceharvest)would be implicated.
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Ill. IMPLEMENTATION SCHEDULE

The following tableoutlinesactionsandestimatedcostsfor theSpectacledEiderrecovery
program. It isa guideto meettherecoveryobjectivesdiscussedin PartII of this plan. This
tableindicatesthetaskpriorities, tasknumbers,brief taskdescriptions,durationof tasks,the
responsibleagencies,andlastly, theestimatedcosts. Theseactions,whenaccomplished,
shouldmovetheSpectacledEider toward recovery. Theestimatedcostsfor all parties
involved in recoveryactionsareidentified, andtherefore,PartIII reflectsthe total estimated
costfor therecoveryof this species.

Priorities in column twoof theimplementationscheduleareassignedasfollows:

1. Priority 1: An actionthatmustbe takento preventextinctionor to preventthe species

from decliningirreversiblyin the foreseeablefuture.

2. Priority 2: An actionthatmustbe taken to preventa significantdeclinein population

or habitatquality, or someothersignificantnegativeimpactshortof extinction.

3. Priority 3: All otheractionsnecessaryto meetrecoveryobjectives.

Becauseof thecontinuingdeclineof SpectacledEiderson theYKD, actionsthatmay leadto
identifyingandunderstandingthe relativeimportanceof obstaclesto recovery,andtherefore,
solutionsto overcomingthoseobstacles,areconsideredpriority 1. Similar actionsfor theNS
andAR areconsideredpriority 2. All otheractionsareconsideredpriority 3.

Thelack of knowledgeon theobstaclesto therecoveryof SpectacledEidersprecludesthe
estimationof a recoverydateat this time. In orderto providesomecontinuity in recovery
planning,however,costshavebeenestimatedfor a five yearperiodbeginningwith the first
yearin which a taskis implemented(year 1). Costestimatesarebasedon the bestpossible
informationaboutstudyplans, materials,and logistics. Estimateswill be adjustedwhen
necessaryasa resultof new information,or revisedtaskmethods. Estimatesdo not include
salariesfor permanentemployeesof responsibleparties.
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KEY

TaskDurationand Costs

TBD - To BeDetermined

Rns~kParti~s

AAZP - AmericanAssociationof ZoologicalParks
ADFG - AlaskaDepartmentofFish and Game
ADPS - AlaskaDepartmentof Public Safety
BLM - Bureauof Land Management
FWS - FishandWildlife Service
NAO - NativeAlaskanRepresentativesandOrganizations
NBS - NationalBiological Survey
NMFS - NationalMarineFisheriesService
NOAA - NationalOceanicandAtmosphericAdministration
P0- PrivateOrganization
RT - RecoveryTeam
* - LeadAgency/Party
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SPECTACLEDEIDER RECOVERY PLAN
IMPLEMENTATION SCHEDULE

PRIOR-
tr~ i

TASK DESCRIPTION RESPONS-
IBLE

PARTY

TOTAL
COST

COSrESTIMATES ($2,000)
DURA.

TASK
U

PRIORITY 2 TASKS 0

A3 I Crsidursaowwsaviewfoe 3 FWS 43.00 25 25

~R2 YEAR 2 YEAR 3 YEAR 4 YEARS COMMENTS

A4.2 2 Dawlop.sallnykaneats
Meteor anofAe mutton
UrnYKD.

5 FWS
NAO

50.00 20 10 20 20 20

A4 2
2

2 Dewlepandloyleornsua
Monwrazaitaoof Aguveowat
UrnNS.

S fiLM
FWS
NAO

50.00 20 20 20 20 20

A4 2
3

I Developsail inyleotasta
Memorarniaaoof AgroenuetueIn
11wfleeing Siuuita i.e..

3 FWS
NAO

50.00 20 20 20 20 20

AS 2 L~.irnioaNat1veLla2son
who would facilItate
conmamicatlon between Urn
Native orgunlzatlom. Usc
Rooniesy Teetit, govenmuot
agendas, ramrdrn,s, and
alTedod villages.

5+ fiLM
4WS
NAO

250.00 30 30 30 30 30

A6 2 Developaualooooisarnao
Infon,rntlonsadoducation
sctlvblesw boniplualaon
stoolslut.

ongoing fiLM
OFWS
NAO

ADFO

75.00 25 25 23 23 23

A9.2 I Eteploroaual Inyleoseat
mdrnaalaouforseducing
availability of leadabotsad
IncradsiagavaIlabIlitysad
radueingUrn emt of smut-toxic
shot hascatalAlaska.

ongoing ADFG
FWS

0.00 0 0 0 0 0 Cost inelcaladaidertaik U A9.2

A9.2 I Cosjimrnhatereducationon
~-tesdeskaUan,ughowswaI
mm wiwaw SpadacledElders
~x.

ongoing ‘AI3FG
FWS
NAO

323.00 35
30

35
30

35.
30

33
30

33
30

32.2 I Deteamlosabebroodingmop
sodrelatIveabsudettosof
SpodacladEldersonUrn NS.

conylesod ~FWS
NAO

0.00 0 0 0 0 0 seatask131.4.2.4toe long-lana
amodtorhig.

89



TASK

324.2
I

PRIOR-

—

2

TASK DESCRIPTION TASK
DURA-

TION

~rx
5+

RESPONS-
IDLE

PARTY

FWS

TOTAL
COST

~

23.00

COSTESTIMATES($1,000)
-________

YEAR 3 J YEAR4 J YEAXS COMMENTS
YEAR I YEAR 2 I — —

—
5 5 5 5 5Developvlslhlllty correction

factorsorthodsfor11w VED
serialsauvey.

12.4.1
.2

2 DevelopvisIblllsycorrection
factornrntkaleforthoNS

5+ FWS 25.00 5 5 5 5 5

serialsurvey.

32.4.1 2 Developorstdctection 5+ PA’S 65.00 23 23 23 23 23
.4 correctIonfactorornt~5for

Urn YKD grosadplatlaust

31.4.2
.2

2

swve~.

3 PWS
NM

30.00 0 0a
asdgrotadaaarveydatato

20 20 20

32.4.2 I

returnsuaveynrnthads.

ongoing FWS 200.00 30 20 30 30 20CostlaarnUrn YKDcasatal
.2 baasdIngpairsuaveyor

inylenwasaltemotive
SpectacledElderasaveyas

32.4.2
.3

2

deteonlaudin DI 42.2.

ongoing FWS 225.00 25 25 25 25 25CastlmrnYKDgzosadplct
survey.

31.4.2
.4

32.1.1

2

2

Designandin~pIonrnataNS
survey.

ongoing

conyleted

FWS
NM

PA’S
NUS

200.00

0.00

30

0

30

0

30

0

30

0

30

0

DesIgnconapleted

inylonuatYKD assellise
tuasuositterproject.

32.2.2 2 IaqalenrnstNSaatellite 2 EWS 225.00 100 25 0 0 0

32.2 2

trasumltterproject.

ongoing

NM

FWS 250.00 50 50 50 50 50Ideatify, describe,and~sItor
iNc ofat..eabehitats.

13 2 Qsasatitativelydescribeat.ara
behitata.

5+ FWS
NM

50.00 20 10 20 20 20

NOAA
NMFS

Cl I Detearnlsrnageatasaetuaeof
SpectacledElder po~adatlaau.

onging FWS
NM

40.00 30 30 0 0 0

90



[TASK
[U

PRIOR-
flY,

TASK DESCRIPTION TASK
DUBA.
TION
~ea

RESPONS-
P~Y

TOTAL
~

OST

COSTESTIMATES ($2,000)
YEAR I YEAR 2 YEAR I YEAR ~

YEAR ~
COMM~SI

C2.I.l

—___

I Cosdaactadultlonrninud

brood survivorahip stadlas at

Hock Slrsag)t sad Klglgak Is.

on Urn [lCD.

ongoing

F

FWS
NM

2

23000 230 0 0 0

0

0

C2.2.2 I Issylsornstjaaasnlla
survivorehipatialy on tho
YKD.

3 FWS
NM

30000 20 240 240 0 0 hysscl,caoyeastseovesedsaahar
task~2.I .2

C231 I htyleteeatjuvenilepcat
fledgingmortality andyon Urn
YKD.

3 FWS
NM

250.00 50 50 50 0 0

C4 I Reflsrntbedenaog,aphlcnaoslel
for SpectacledElders.

5+ FWS
NM
RT

14.00 20 2 2 I I

CSI I Psepsresiasaasayreposcshrst
raiviaconuatalcostanuarnaisa

I FWS
NM

20.00 20 0 0 0 0

CS.2 I Preparesaasmrnsysepoatabost
cosqietitbonfor food sadham
of fondsuppliesdarnto hestlik
diatusbanor.

2 FWS
NM
PO

NAO

20.00 20 0 0 0 0

CS.3 I Preparesaaonrnayrepostabrst
bervest.

2 PA’S
NM
RT

20.00 20 0 0 0 0

CS.4 I Prepsreaiaonrnuyaeportabrsa
predation.

I FWS
NM
RT

20.00 20 0 0 0 0

CS.9 I PrepareaaaonrnsysepostsbrsA
chronicoiling [ma bilge
paping haSpectacledEldrr
wlateringbehitat.

I PA’S 10.00 20 0 0 0 0

Dl 2 DeaeurnlsrncostaaoIarnstalevele
of Urn thrasSpectacledElder

2 FWS 200.00 50 50 0 0 0

[34.1 2 Screenforexpastueto leed
watlilsiYKDbreeding
popelatbon

osigoing FWS
NM

50.00 20 10 20 20 20

[36.2 2 InvastIgateleadshot
perelatesiassadavaliability on
sbeYKD.

ongoing FWS
NM

50.00 20 20 20 10 20

91



TASK
I

—

[37

fTYU

—PRIOR.

2

TASK DESCRIPTION TASK RESPONS- TOTAL 1 COSTESTIMATES ($2,000)
DIJRA- IDLE COST

TION PARTY 1 YEAR I j YEAR 2 J YEAR 3 J YEAR4 I YEARS COMMENTSI

Detessolsrnoestssnls.at 2 I’WS 30.00 IS 25 0 0 0

sad

suatoas,Irsaspostmodes,

E12

EI.3

I

I

Elders for

Ckvelopinamofcapturing I FWS 50.00 50 0
Speetaclad NM

nunsdiat asatyling.

De4esorensfoedbebltain 3 ADFG 250.00 50 50

5

50

0

0

0

0
ornalsrneovl,maaa. CEWS

NM

P2.2 2

NAO

Re-aarnly.sadaaleeenrelrnaveat I FWS 500 5 0
dataofSpectacledElderson
tbe~1CDsadseslesianbervest

0 0 0

P2.2

I

I

surveys.

CostlrezYukon-Kaskokwian ongoing FWS 225.00 45 45
DeltasadSt.Laworocolalaid

45 4S 45

HI I

subelateasueberveatsurveys

Detenninepopulationstructure I FWS 20.00 20 0
sadgeonllowbetweenabe NM

0 0 0

soajorbreedingpopulatloas.

~

I TASKS. SUBTOTAL 12994.001 933.00 1 729.00 I 629.00 354.00 354.0011

92



DORA-TASK IDLERESPONS- COSTTOTAL COSTESTIMATES ($2,600)TTASK——N——

Iii — PRIORITY2TASKSI

YEAR 2YEAR I YEAR3 YEAR4 YEARS COMMBITS

Al 2 Daslgarntesadsaqsposta
RegionalElder Coosdhietorto
unwisereonoosyplan

5 + PWS 0.00 0 0 0 0 0 EIderCoosaII5rnior5ppOIStedOctobsa
2995. SaIsayeastarefisesadha
ledlvldtrnI taska.

A2 2 Verlfytbereonveaycbjscalvea
sadperiodIcallytapdatetho
renwesy—.

5+ I’WS
RT

75.00 IS IS 25 25 IS

A2.l 2 Prepareassdmlcslrepoaton
population~Iing sad
viability skaaletlosrn,sadabelo
a

1ylkutlarnsin recoxesy
actirarn.

I FWS
NMFS
RT

25.00 25 0 0 0 0

A7.2 2 Evshrnteazdreoonanrad
revinloasofMOA activitses
wbereappropriate.

5+ PA’S
RT

25.00 5 S S S

A7.2 2 Pronsalgateregulatlose
purwastto sectionl0(e)(4)of
Urn EadangeredSpeciesAct to
prolaiblt tabeofSpectaclad
Eldersby AlaskaNativesfor
subtiatesacepur3e.ea

I FWS 20.00 20 0 0 0 0

A9.3 2 Pronualgateregaalatlosrn
prohibIting weof leedaha for
all hatingwithin Spectacled
Eiderrenge,begboningwith Urn
Yukon DeltaNaticarnlWildlife
Reftage.

2 FWS
ADFG

20.00 5 5 0 0 0

AIO.2 2 lnyleornstseeticas7,9, sad
20 of UrnEndangeredSpecies
Act.

ongoing FWS 200.00 30 30 30 30 20

AIO.2 2 MonItoracicotiliconlleeaJngof
eggasadbuds,sadmaduck
sposihatingwithinSpectacled
Eldername.

ongoang AI)PS
FWS

AI)l’G

50.00 20 20 20 10 20

A22.I 2 haltlateesetroloffarnesha
selectedSpectacledElder
sausthagbebitata.

5+ AI3FG
“FWS

450.00 90 90 90 90 90

93



PRIOR-

ITYU

TASK

Dj
— —

A12.3 2

TASK DESCRIPTION TASK

TIONDIJRA.

RESPONS-

PARTYIDLE
—

FW5
NAO

TOTAL

COST
—

50.00

COSTESTIMATES ($2,000)

YEAR I YEAR 2 YEAR 3
2

20

YEARSJ COMMENTS—

20bwsstigate,sadhlfeseible,
laqalenustornulanisornto
reducesaillirial foodsrsncesto
reducepredator~rs on
SpectacledElder sting

5+

2

20 20 20
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AAZP
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Delta,AR.

conapleted FWS
NM

0.00 0 0 0 0 0

32.4.2
.5
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survey.

3 FWS 280.00 60 60 60 0 0

32.2.3 2 inylenrnotARsaaellite
tracasninerproject.

2 PA’S
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C2.l.2 2 bsylessrnstadulafenrnleszd
broodsiacivorshipstaalyon tbe
NS.

3 FWS
NM

480.00 260 260 260 0 0

C2.2.2 2 Inylesecaasjaroenile
asavivorshipotadyon Urn NS.

3 FWS
NM

60.00 20 20 20 0 0

C2 32 2 haykairnatjuvenilapost.
fledgingmodalitystudy onabe
NS.

I PA’S
NM

20.00 20 0 0 0 0 Prelinslarnaystudy only.

C2.4.l 2 Aasesasadmodifynaelhodsfor
sadio-trsckingbeatonUrn
YKD toanonitorbrood
modality.

3 FWS
NM

60.00 20 20 20 0 0

C2.4.2 2 Inapleareotradio-trackingof
hat on ibe NStoscooltor
broodaneetality.
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NM

60.00 20 20 20 0 0

C2.S.l 2 Monitorhroeslproductionon
Urn YKD.

5+ PA’S 200.00 40 40 40 40 40
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Mosltorbcoedpreductlonon
Urn NS.
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C2.6.I 2 Monatorsrnstiegsucoasaontbe
YKD.

5+ FWS
NM

200.00 20 20 20 20 20

C262 2 Monltormtingsuceeseontbe
NS.

5+ fiLM
.pWS
NAO
NM
P0

250.00 50 50 50 50 50

C3.l 2 Evah~tetbeelTectsofe.saI
otakars.

4 PA’S
NM

TDD . . -

C32 2 Evahttesbelsopaeasofsrnsting
stadmas.

ongoing FWS
NM

8.00 8 0 0 0 0

C3.3 2 Conveawaworkahopto
developniealaods for evahtting
otber research-relatedeffects.

I FWS 20.00 20 0 0 0 0

CS.S 2 Prrpsaessarestsyrepoatahasa
BeringSeaFiaberles.

2 PA’S
NM
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CS.7 2 Prepsreaaaaunszyrepoatsbosz
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I FWS
NM
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cirnngeain long-terme.eaUrnr
pettentsadcurreatweatirnr
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I FWS
NM
RT

20.00 20 0 0 C
C

0

[32 2 Initiateoretaa.dasaatexposure
stadasshacaptivebirds.

3 PA’S 60.00 20 20 20 0 0

D3.l 2 Detesoaorncostaniisustlevela
nuprasatayotoasrnpseyspecias
sadsadutuates.

I PA’S
NM

250.00 250 0 0 0 0

03.2 2 Detennaarnowtamiauatlevele
in puisitay terrestrialprey
specie.sadsahatostes.

I FWS 200.00 200 0 0 0 0

D4.2 2 Screenforexposaaetole.d
wisbkaNSbreedbsgpopulatbon.

PA’S
NM

50.00 50 0 0 0 0
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.

YEAR4

.

.

.

COMMENTSI

study dlsomtle.td . susapllngof lend
in sadutawieswas Isselbus

136 2 Deslgoaaallssaplenrnsts
monitoringprogasantoassess
costansinsutlevelehaeach
populationovertamo.

5+ FWS 225.00 45 45 45 45 45

ElI 2 Assesefoodbebltsfraan
incidestallyoltaisrnddata.

5+ FWS
NM

25.00 5 5 5 5 S

FI.3 2 Deaerjoiarnbeavestlevelaonths
NSsadkathelacingStrait
region(otlur thanSi.
LawrencoIslaud).

5+ •FW5
NAO

ADFG

250.00 50 50 50 - 50 50

02 2 Assessfox predationleveleon
SpoctacledElderproductivity.

TRD FWS
NM

- . . TED batedonsaaonrnsyseposoon
predation.

02 2 EvahtteSpeetacledelder
population-wldeorasrolof
foxesasaornacato inaprove
repreductivest.mssof
SpoctaclodElders.

TBD FWS
NM

. . . . - TDDbasedonsttonrnsyofreporton
predatIon.

G3 2 Detesaasisrngullfosaging
pettentsadpopulationtreads
ontlrn YKD.

I FWS
NM

20 20 0 0 0 0

04 2 EvahtteSpectacledElder
population.wldecostrolof
gullsasanusasto inaprove
reprodaajivesuccessof
SpoctacledElders.

TBD FWS
NM

TRD . . . - CostTIDasa maskoftaskC.S.4

112 2 Assessevklenceforeoologicsl
sadgesrntlcdiatinonrnasofthe
YKD, NS, sadAR
p0—sa

2 FWS
NM

20.00 20 20 0 0 0

II 2 Screonelderefordlseaaassad
psasuisas.

ongoing FWS
NM

25.00 5 5 5 5 5

22.2 2 Collectstisalsadblood posrnla. ongoing ~I’WS
NM

5.00 2 I I I I 0.00

22.2 2 Deseamiarebody coudltion
kdiess forSpoctacledElders.

2 FWS
NM

20.00 20 10 0 0 0
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ADI’G
ADPS

YEARI YEAR2 ~ YEARS COMMENTSI
0

0

0

0

A103 3 Bancollectlogeldereggafor
avicultursipsaposaswtthin
SpoctackalEldernags.

ongoing FWS
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0.00 0 0 0 0 0

A104 3 Iascestlgateloeldeataltakaby
oonas*rcialAsirnurns.
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NMFS

25.00 2
2

2
2

2
2

2
2

2
2

All 3 InvestlgateUrnexteotof
iatentticstl trade.

I FWS 3.00 5 0 0 0 0

A222 3 IojtiatecestrolofGlaunat
Gaulle in relectedSpectacled
Elderoustingbebitats.

TDD FWS TBD - . CestsadornthodaTflDafter
sasontayseposton predatIonis
conapiesed

A23 3 Cstductexpominrnotsl
tracalocaticatof bothwild sad
captive-rearedeidersto asms
Urn feasibility ofthis ornthnd
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TBD PA’S TDD . -

AIS 3 Puoducesbeadhook
sasontrizingall infosnatbonon
Ideatifying.ageing,sadsexing
SpectarledElders.

I I’WS
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20.00 20 0 0 0 0

BI.3 3 Desenniarnthebreedingrange
sadrelativeabtadmof
SpeetacledEldersonSt.
LawrenceIsined.

3 PA’S 30.00 20 20 20 0 0

31.4.2
.3

3 Developvlslbilitycorrection
factorornthods fortheAR
serialsurvey.

3 FWS 25.00 5 S 5 0 0

34.2 3 Dsseribsinstingssdbmoed.
rearingbebitataontheYKD.

2 FWS
NM

20.00 5 S 0 0 0

34.2 3 Describecastingsadbrood-
rearingbebitataontheNS.

2 FWS
NM

10.60 5 S 0 0 0
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TED basedon feasIbility ofwtrnking
ha AR, andpine.forstherstadle..
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duct fora studyofedult fasatle
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.3

3 Ccaductndultfentlesad
broodsurvivorshipstudy at
leadfleestudy siteontbe
YKD..

3 PA’S
NM
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3 FWS
NM

3000 20 20 10 0 0

C223 3 Iaoplenrnatjuvemle
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3 FWS
NM
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C2.3.3 3 Inylesarnatjuvenilepast.
fledgingmortality study in AR.

TBD FWS
NM
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NS (taskC.2.32)
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C2 53 3 MonItorbroodproductionin
AR.
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in AR, sadpite. forotlrnr studies

C2.6.3 3 Monitor oratingsuceessin
AR.
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NM
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NS.
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NM
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20.00 20 0 0 0 0
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I FWS
NM

20.00 20 0 0 0 0
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TUD . -

-__
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325.00

526.00

729.00

2553.00

320.00

p6.00
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APPENDIX I

POPULATIONVIABILITY ANALYSIS FOR SPECTACLEDElDERS

1nttQdu~tiQn

PVA Background

PopulationViability Analysis(PVA) is an analyticaltechniquethatis usedto estimatea
Minimum Viable Population(MVP) (Gilpin & Sou1~1986). UViableU isdefinedasa chosen
probability of persistingfor a giventime (Shaffer1981; Frankel& Soul~ 1981). Forexample,
Shaffer(1987)proposedthat Minimum Viable Populationbe definedasthatpopulationsize
that will havea 99% chanceof surviving for 1,000years. The future is unpredictable,so it is
impossibleto predict theexactextinction time of anypopulation. An understandingof how
populationgrowthratesvary temporallyallowsthecalculationof a distributionof possible
extinction times. Numerousfactorsthat influencethegrowthrateof populations,suchas
susceptibilityto changingweatherand food resources,genetics,andbehavior,mustbe
integratedinto thesecalculations. Theserisk factorsfall into four categories(Shaffer1987).

The first risk factor is demographicstochasticity,which is causedby chancechangesin birth
andsurvival rates(Goodman1987). A stochasticeventimplies an eventthatoccursby
chance,suchasa 50% chanceof rain. Birth andsurvivaleventsarechanceeventsthat, when
taken over manyindividuals, haveaverageprobabilitiesof occurrencedependingon age.
Whenthe numberof individuals(samplesize) becomessmall, observeddemographicrates
vary simply becauseof samplingerror. For example,with a populationof 10 animalsanda
survival rateof0.95, in anygiven yearit is not possibleto observea survival rateof 0.95.
Instead,theobservedratewould be 1.0, 0.9 or rarely =0.8.Thus, demographicstochasticity
is a samplingphenomenonin which averagedemographicparametersremainconstant.
Demographicstochasticityis only importantfor populationsof small sizes(<1,000).

Environmentalstochasticity,the secondrisk factor, is importantfor all populationsizes.
Becauseindividualsin populationsexperiencean abiotic and biotic environmentin common,
thereareinterannualvariationsin birth andsurvivalratesfor theentirepopulation.
Catastrophicdie-offs canbe consideredan extremeresultof environmentalvariation.

The third risk factor concernsthe spatialconfigurationof a species’distribution. A species
composedof fragmentedpopulationsthatexperiencelocal extinction andrecolonizationshould
be modeledasa metapopulation.Metapopulationdynamicscandecreasepersistencetime if
theextinction rateexceedsthecolonizationrate-orif thereducedeffectivepopulationsizeleads
to lossof geneticvariability (Gilpin 1990). On theotherhand, persistencetime may increase
in fragmentedpopulationsbecauseof risk spreadingif environmentalheterogeneityis present.
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The final risk factor is theeffectof geneticchanges,suchaslossof heterozygosityand
inbreedingdepression,uponpopulationfitness(translatedaspopulationgrowthrates). Mating
amongcloselyrelatedindividualscan exposelethalrecessivealleles, which cancompromise
eithersurvivalor fecundity of theindividual. Lossof heterozygosityhasbeenlinked to
reducedfitnessandcan leadto a reducedability of thespeciesto adaptto newcircumstances.
As with demographicstochasticity,inbreedingdepressionis importantonly for small
populationsizes.

Not only mustthesefactorsbe integratedinto a singlemodel,but themodel mustbe stochastic
in nature. Deterministicmodels,suchasthe Lesliemodelfor demographicprojections,are
inadequatefor two reasons.First, deterministicmodelsusuallycannotincorporatechangesin
demographicparametersthatarecausedby low populationsize, suchasdemographic
stochasticityanddensitydecompensatorymechanisms(mechanismsthatreducebirth and
survivalratesat low densitysuchasreducedability to defendagainstpredators,difficulty in
finding a mate,etc.). Second,deterministicmodelshavedifficulty incorporatingvariationsin
birth andsurvivalratesand synergisticeffectsbetweenrisk factors. Synergisticeffectsare
expectedin small populationsandarereferredto asextinctionvortices(Gilpin & Soul~ 1986).
An examplewould be a decreasedpopulationsizethatis initially causedby environmental
variationthat thenleadsto lossof geneticvariability, which further leadsto a reductionin
populationgrowthrateanda furtherpopulationdecline.

Although therearebenefitsto usingmoredetailedmodelsto modelextinction, thesestochastic
modelsrequiretheestimationof manyparametersand, hence,requiremanydata. For this
reason,analyticalmodelsthatallow thecalculationof extinction statisticsfrom dataon the
population’smeangrowthrateand the variancein that ratehavebeendeveloped. Onegroup
of modelsallowsthecalculationof expected(mean)extinction time (Leigh 1981; Richter-Dyn
andGoel 1972; Goodman1987). Thesemodelssolvefor the meanextinction time andare
analytical models. Unfortunately,becausepopulationgrowth is a multiplicativeprocess,
extinctiondistributionstendto be log-normallydistributed. A log-normaldistributionof
extinctionprobabilitiespeakson theleft sideandhasa long tail on theright. This resultsin
the medianprobabilitiesof extinction (the time with a 50% chanceofgoing extinct) that is
muchlessthanthe meanextinction time. The probability of extinction which correspondsto
themeanextinction time (the statisticgivenby theaforementionedanalyticalmodels)is
unknown. The meanactuallycorrespondsto thebalancepoint in thelop-sidedlog-normal
distribution: a pointof questionablerelevanceto managers.Managersareusuallyinterested
in low probabilitiesof extinction,suchasa 5% or 20% chanceof goingextinct.

Anotheranalyticalmodelthatavoidstheneedfor detaileddemographicdataandyet givesan
analyticalmeansof calculatinganentireextinction distribution from a time seriesof
abundanceswasdevelopedby Denniset al. (1991). The accuracyof this techniquedependson
two critical assumptions:(1) abundanceestimatesarefor theentire population;and (2)
abundanceestimatesarevery accurate,so that interannualvariancereflectsactualpopulation
fluctuationsandnotimprecisionof abundanceestimates.Unfortunately,aspopulations
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decrease,sodoestheprecisionof estimatingabundance(TaylorandGerrodette1993). The
resultis that for mostendangeredor threatenedpopulations(including theSpectacledEider)
this analyticaltechniquecannotbe used.

The commonsolutionfor uncertaintyin parameterestimationin PVA modelsis to modela
seriesof possiblescenariosthatusea differentsetof parameters.Each scenarioyields a
distributionof extinction times. Eachdistributionwill give a differentMVP, eachof which
couldbe possible. It thenbecomesa managementproblemto decidewhich is themostprudent
valuefor MYP.

The strategyfollowed in thisPVA is to incorporatetheuncertaintyin parameterestimation
into a single extinctionprobability distribution. Insteadof modelingextremevaluesfor each
unknownparameter,parametersaregiven aprobability distributionbetweenminimumand
maximumvalues,andthesedistributionsofpossiblevaluesdeterminethedistributionof
populationresponses.Thus, thedistributionreflectstwo typesof uncertainty: (1) uncertainty
becauseof the stochasticnatureof populationdynamics;and(2) uncertaintybecauseof our
ignoranceaboutthepopulationdynamicsas reflectedin theuncertaintyin estimating
parametersusedin the model.

Backgroundon SpectacledEiders

Detailson thebiology of SpectacledEidersarepresentedin theintroductionto this recovery
plan. The objectof this sectionis to highlight pointsrelevantto thePVA. Because
populationsizesarestill muchlargerthanthosein which inbreedingbecomesa problem,
geneticfactorsareunlikely to contributeto a diminishedgrowthrate. Further, theeffectof
inbreedingor lossof heterozygosityon seaducks is unknown. Therefore,a genetic
componentwill be omittedfrom thePVA with the knowledgethatextinction times will
possiblybebiasedpositively (i.e., towardlongertimes) becauseof this omission.

This plandivides thespeciesinto threegeographicallydefinedpopulations.Even if these
populationsdo not proveto be geneticallydistinct, this division is wiseasa tactic for reducing
extinctionrisk. It is a generaltenetof conservationbiology that morethanonepopulation
shouldbe maintained; singlepopulationsaresusceptibleto local catastrophessuchassevere
weatherandoil or chemicalspills. SpectacledEidersareperhapsmoresusceptibleto lossof
populationsthanmanyspeciesbecause: (1) theyarean arcticspeciesandmay havenaturally
variablepopulationsizesbecauseof largeinterannualvariationsin weatherandresources;(2)
thedistributionof this speciesis highly concentratedat times; and (3) this speciesprobably has
a low recolonizationrate. Femaleeidersareknownfor havinghigh site fidelity (Cooch 1965;
Wakely 1973; Milne 1974;Dau 1974; Reed1975; Swennen1976; WakelyandMendall
1976). Scientistshavearguedthatareasthathavebeenlocally depletedmay takemanyyears
to be recolonized,if indeedrecolonizationoccursat all (Cooch1986). In addition, the
distributionof SpectacledEidersat seacanbe very clumped(W. Lamed,pers.comm.).

Appendix I - Page3



This PVA will treattwo populationtypes: (1) the Yukon-KuskokwimDelta (YKD) population
(for which goodinformationon populationtrendsis available);and (2) an “unknown”
population,which describestheNorth Slope(NS) populationandthe Arctic Russian(AR)
population. The YKD populationtype will providespecificestimatesof extinction
probabilities,whereasthe “unknown” type will provideguidancefor choosingcriteriafor
classificationdecisions. Finally, estimatesofMVP sizesandexpectedtimeto go from various
populationsizesto a critical size (i.e., 125 pairs) aremadeto provideadditionalquantitative
guidancefor selectingcriteriausedfor classificationdecisions.

M~LbQd~

Thepreferredmethodfor conductingan accuratePVA is to developa demographicmodelthat
includesinformationon age-specificbirth andsurvivalrates,theway in which thoseratesvary
throughtime, andthewayin which thoserateschangewith populationdensity. Not only are
thesedataunavailablefor SpectacledEiders,but crucial elementsaremissingfrom detailed
studiesof CommonEiders(Mime 1974, Swennen1983, Coulson1984) which might otherwise
serveasan adequatesurrogatefor modellingpurposes.Perhapsthemostimportantmissing
dataareestimatesof first-yearsurvivalratesandthevariability in thoserates. It is
theoreticallypossibleto calculatethoseratesgiven informationon adult survival rates,birth
rates,andratesof survivalto fledging. Unfortunately,usingtheestimatesprovidedin
publishedaccountsof theCommonEider, studiesto derivejuvenilesurvivalrateoften resulted
in nonsensicalvalues,suchassurvivalwith a probability > 1. For this reason,a detailed
demographicmodel for thePVA wasnot possible(althougha separateAppendix (III) on eider
demographyis included). Instead,a simple modelof exponentialgrowth wasused.

This model usesa meangrowthrateanda variancein growthrateto projectpopulationsizes
throughtime. Variancein growthratefor SpectacledEidersis unknown. FigureI-i shows
the influenceof variability in populationgrowthrateon thedistributionsof extinction times.
The exampleconsidersthecasewherethe averagegrowth rateis a 5%/yeardecline
(r = -0.05) and theinitial populationsizeis 5,000pairs. Threecurvesareshownfor
increasingvariability in populationgrowthrate (small--coefficientof variation (CV) = 0.05;
medium--CV= 0.15; andlarge--CV = 0.25). Clearly, the morevariablethegrowthrateof a
population,thehigherare its chancesof experiencinga string of yearsof badluck thatcould•
leadto extinction. Indeed,high variability in populationgrowth rateshasbeencorrelatedwith
increasedprobabilitiesof populationextinction in wild populationsof lagomorphs(Souls
1987).

Therearetwo studieson CommonEider~s from which estimatesof populationgrowth
variability can be made. In Scotland,wintering eiderscanbecountedwith high accuracy
(Milne 1974). A 10-yeartime seriesofpopulationestimates(which includeda yearof high
adult mortality from an oil spill) yieldeda standarddeviation(s) for r of 0.21. At aboutthe
sametime, a nestingpopulationin theNetherlandshadan s = 0.07(Swennen1983). For the
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PVA we choserandomlyfrom a uniform distributionof variability in growthrates,between
0.07and0.21.

Figure I-i. Cumulative probability of extinction for populations initially numbering 5,000
pairs, with a mean (geometric) growth rate of -0.05. The figure showsthat not only doesthe
median time to extinction decreaseasgrowth rate becomesmore variable, but that the variance
in extinction tame increases.

Yukon-KuskokwimDelta PVA

A dramaticdeclinehasbeendocumentedfor SpectacledEiderson theYKD (Stehnet al. 1993)
(seeFigure2 in theIntroduction). Time seriesfrom threesurveyswereavailable: theNorth
AmericanBreedingPairSurvey(YKD segments),therandomgroundplot survey,andthe
aerialsurveyof coastalYKD. For clarity thesewill be referredto asthebreedingpairsurvey
(anaerialsurvey),thegroundplot surveyandthecoastalaerialsurvey. Thesedataon trends

for estishouldprovide thebasis • mating thepopulationgrowthrateandtheuncertaintyin that
rate. The populationgrowthrateis theprimary parameterdeterminingtheprobability of
extinction. Statistically-basedabundanceestimatescanbe usedin classicalBayesiananalyses
to yield a probability distribution for populationgrowthrates. Theestimatesofabsolute
abundancewith associatedestimatesof precisionareusedto calculatethestatisticallikelihood
of hypothesesofpopulationgrowth rate.
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Both aerialsurveysareconductedas strip transectsurveys,which assumethat 100% of the
animalswithin the strip areseen. This assumptionis known to be falseanda visibility
correctionfactor is often applied. Estimatesof the visibility correctionfactor weremadefor
the 1995 season(R.A. Stehn,pers.comm.). Within a surveythevisibility correctionfactor
probablyvariesdependingon proportionof maleeiderspresentat the time of the survey,snow
cover, habitattype, anddensityof otherbird speciesalsobeingcounted. Betweenyearsthe
visibility correctionfactor may vary becauseof differencesbetweenobservers,proportionof
maleeiderspresentat thetime of thesurvey,andsnowcover. The visibility correctionfactor
canaffectboth biasandprecisionof theabundanceestimates.Estimationof a moreaccurate
visibility correctionfactor will requirecontinuingresearch(SteinhorstandSamuel1989).
Until thevariancefor thevisibility correctionfactoris includedin thevariancefor the
abundanceestimate,it is likely thatthe variancefor theabundanceestimatewill be negatively
biased.

The randomgroundplot surveyis alsosubjectto bias. Thesesurveyssearchrandomlychosen
groundplots for nests. A correctionfactor for numberof nestsmissedwasestimatedfor the
1995 seasonat about0.74 (R.A. Stehn,pers.comm.). More researchis encouraged,
however,on theproportionof nestsmissedandvariancein thisproportion. Thereis alsoan
intriguingproblemwith theestimatedprecisionof thegroundplot surveys. The mean
abundanceestimatesaremuchcloserto theexpectedvaluesfrom a linearregressionthancould
be expectedfor thecalculatedCVs. Thus, it appearsthatthe abundanceestimatesmaybe
moreprecisethan indicatedby thecalculatedCVs (R.A. Stehn,pers.comm.).

Thereappearto be discrepanciesbetweenthetrendsindicatedfrom thecoastalversusthe
groundplot survey. Trendsin theearlyyearsof theCoastaland GroundPlotsurveysrun in
oppositedirections. Thereareseveralpossibleexplanations,suchas learningof thecorrect
searchimagefor the rearseataerialobserveror differing datesof maleeiderdeparture. We
cannotat this time determinethe causeof thesediscrepancies.Therefore;until we understand
this discrepancyor thediscrepancydisappearsdueto improvedmethods,theSpectacledEider
RecoveryTeamurgesthecontinuationof thegroundplot surveys.

A Bayesiananalysiswasdevelopedfor analysisofall threecensusdatasets(Tayloret al. in
press). The underlyingmodelis assumedto be exponentialgrowth (seeequation1 in
Calculationsof Post-ModelDistributionssection). As discussedabove,abundanceisnot
known but estimated. Populationgrowth rate(r) can be estimatedby regressingthelog of
populationgrowth rateagainsttime. The probability of observinga seriesof abundance
estimatescan be calculatedfor a setof hypothesesaboutr and theprecisionof theabundance
estimate. Detailsof theanalysisaregivenbelowandin Taylor et al. (in press). Basicallythe
likelihood of observingthesurveydatais evaluatedfor everyplausiblepopulationgrowthrate
(r). The full modelhaseightparameters,given~below. The analysischoosesrandomlyfrom
the prior distributionsfor eachparameter,projectsthepopulationandevaluatesthelikelihood
of observingthedata. A prior distributionreflectsprior knowledgeof a distribution. Because
we haveno prior knowledgethedistributionswereuniformandsetto justencompasstherange
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oftheposteriordistribution (in an iterativeprocess).This randomselectionprocessis repeated
eightmillion times savingthechosenparametersand their resultantlikelihood. A bootstrap
processis usedto gettheposteriordistribution. 10,000setsof parametersarerandomly
selectedfrom thesetof eight million weightedby theirlikelihood.

Theanalysisin this RecoveryPlandiffers from Taylor et al. (in press)in that therecovery
teamwantedthebestestimateof thecurrentrisk theYKD populationfaces. To limit the
impactof thehistorical declinein thebreedingpair surveyon theanalysiswe decidedto use
only themostrecent15 yearsof data. This periodof time wasa compromisebetweena
shorterperiodthatmay revealshort-termgrowthratescausedby environmentalfluctuations(a
seriesof goodor badyears),anda longer-termtrend that maycontaina history notpertinent
to the currentsituation. Specifically, theteamwasconcernedthat, becauseof the strong(and
influential) declinein theearlyyears(1957-1980),morerecentchangesin populationgrowth
rate mightbe maskedfor severalyearswhen usingour simpleexponentialmodel.

Posteriordistributions(Figure1-2) differ for thedifferentsurveys. Unfortunately,thereare
difficulties with eachof thesurveys. The breedingpair surveyhas themostprecisepost-
model distributionbecauseof its duration(36 years). But this surveyis for all eiderspecies
combined. It is believedthat theCommonEider population(which originally wasa small
componentof thetotal eiderpopulationon theYKD) hasremainedfairly constantthoughthere
areno actualdataon CommonEider numbers. If CommonEiderswereremainingata
constantabundance,thentheabundanceestimatewould contributeapositivebiasto the
estimatedpopulationgrowthrate,which would be accentuatedin recentyears. Thereis a
secondsourceof potentialpositivebias. In the earlyyearsof thesurvey,thepopulationsof
severalspeciesof geeseweremuchlargerthanthey arenow. It ispossiblethatthe sheer
numberofbirds, alongwith an emphasison gatheringdataon geeseratherthaneiders,may
haveleadto proportionatelymoreeidersbeingmissedin theearlyyears. Thus, thepopulation
growthratein FigureI-2a, which givesa high probability that r wasbetween-0.08 and-0.05,
is probablyoptimistic (positively biased).

Theposteriordistribution for thecoastalYKD aerialsurveyindicatesthata largerrangeof
hypothesesconcerninggrowthratesarecompatiblewith thedata(FigureI-2c). This could
indicateeithera negativebias in theestimatedCV for abundanceor that thepopulation
actuallywas fluctuatingandthus thereis somelackof fit to the exponentialmodel. Further,
this apparentfluctuationcouldeitherbe theresultof fluctuationsin thetotal population,
fluctuationsin theproportionof birds coming to the breedinggrounds,or both.

The posteriordistributionfor the groundplot surveyoverlapsratherlittle with eitherof the
othersurveys,indicatingan evengreaterrateof declinethanthebreedingpair surveybut still
having somesmall overlapwith the coastalsurveybecausethe posteriordistributionsfor both
therecentsurveysaresobroad.

Appendix I - Page7



0.2

Figure 1-2. Prior and posterior distributions for the three surveysconductedon the YKD: a--
breeding pair survey,b--ground plot survey, c--coastalsurvey.
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As canbe seenin Figure1-2, theposteriordistributionsfrom the threesurveysdiffer quite
dramatically. We useddatafrom thelast 15 yearsfor all threesurveysto estimateajoint
posteriordistribution(Figure1-3). Becausethesurveyswereratherdisparate,theanalysis
requiredeight million randomselectionsof parametersto obtaintheposteriordistribution.
Althoughtheposteriordistribution is very broadit is still highly likely that the YKD
populationhasdeclinedoverthepast15 years.

The re-sampled10,000setsof valuesfor theeight parametersrepresentsthejoint posterior
distribution. We utilize thisjoint posteriordistribution to performa PVA thatincludesthe
uncertaintyin our data(the abundanceindex surveys)andthemodel (prior informationon
variability in r). We sequentiallyusedeachset of parametervaluesasinput parametersfor a
stochasticpopulationprojection. Requiredinput parametersare: N0, r, and s~. Each
simulationbeganwith N0 individuals. The initial number,N0, wasdrawn from eitherthe 1995
estimatedabundancedistributionfor theCoastalor theGroundsurveywith equalprobability.
The simulationproceededaccordingto equation1 (below), wherer’ wasdrawn from a Normal
distribution(mean= r, variance= ~ Both thetime to extinction (<2 adults),andthetime to
critical status(<250 adults)werestored.

The latter time, which hasbeencalled a pseudo~extinctionlevel (Ginzburget al. 1990), is
usefulfor severalreasons.First, exponentialpopulationdeclinesresultin hypothetical
populationsthatremainat very low levels for a substantialproportionof thetotal time to
extinction. Therefore,extinction time maybe misleadingin termsof theamountof time

Figure 1-3. Prior and posterior distributions for only the last 15 yearsof all three surveys.
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remainingbeforethepopulationreachescritically low levels. The choiceof 125 pairsstems
from theclassificationcriteriaproposedfor useby theWorld ConservationUnion (IUCN) for
the category“critical” (MaceandStuart1994).

Biologistsareawarethat, whenpopulationsreachvery low levels,populationparametersare
likely to change. For example,birth ratesmaychangebecauseof difficulty in finding mates
or for colonialspeciessurvivalratesmaydeclinebecauseof difficulties in defendingterritories
againstpredators. If thecauseofthepopulationdeclineis unknown(the casefor Spectacled
Eiders),time will be requiredto find thecause(s)of thedecline. Themostproductive
researchwill occurwith populationsizeshigherthan thiscritical level. Similarly, therangeof
usefulmanagementactionsis greatlyreducedat very small populationsizes. By the time a
populationreaches125 pairsthemostseriousmanagementoption is takingtheremainingbirds
into a captivebreedingprogram. This is a particularlyundesirableoutcomeif thecauseof the
declineis still unknown. It is thereforeusefulto know how much time isavailablebefore
critical levelsarereached.

The resultsof thesimulationsareshownin Figure1-4. Criteriafor classificationas
endangeredareusuallydefinedin termsof eitherprobabilitiesof extinctionor population
growthrates.Variouscriteriahavebeenproposedfor classificationasendangered(Shaffer
1981; MaceandLande1991; Maceet al. 1992). The Maceand Lande(1991) criteriaIUCN

Figure 1-4. Cumulative probability curves for the time to reach critical (125 pairs) and the
time to extinction.
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scheme(MaceandStuart1994)allowuseof eithergrowthratesor extinctionprobabilitiesbut
theyarenot necessarilyconsistent. We know thatfor thesamemeanrateof decline,
probabilitiesof extinctionwill increaseasvariancein populationgrowth rateincreases.
Becausethecriteria useonly oneestimatefor populationgrowthrate, it will only matchto the
probability of extinction for a singlevariance. Accordingto therateof declinecriteria (the
IUCN criteriaarealsoat r =-0.05 for theEndangeredcategory),SpectacledEiderson the
YKD would qualify asEndangeredunderanyof theaforementionedcriteria. In contrast,the
YKD populationdoesnot qualifyasEndangeredsinceit doesnot reacha 20% chanceof
extinctionin 38 yearsor 5.2 generations,giventhemeangenerationtime (Fig. 1-3). Under
thecurrentIUCN criteria, SpectacledEiderswould qualify for thelessrisky.Vulnerable
categoryusingthe extinctionprobability criteria. Note thatan earlierdraft of theIUCN
criteriauseda 20% chanceof extinctionin 10 generationsand that theYKD populationwould
qualify undertheselessstringentcriteria. Endangeredclassificationwould be warrantedunder
the recoveryobjectivefor endangeredin thisplan and we further discusswhy in AppendixII,
which coversdecisionanalysis.

The Unknown Population

This sectionstrivesto give guidanceon settingappropriatecriteriafor classifyingpopulations
into the differentrisk categories(i.e., endangered,threatened,delisted). The categoryof
endangeredis examinedfirst. As shownin FigureI-i, probability of extinctionis a function
of both populationgrowthrateand thevariancein that rate. Forpopulationgrowthrates
rangingfrom -0.01 to -0.16 and populationsizesrangingfrom 1,000to 5,000pairs,
simulationswereconductedas follows: (1) choosevariation in growthratefrom a uniform
distribution rangingfrom standarddeviation(s) = 0.07 to 0.21; (2) projectpopulationfor
1,000years. [Notethats isusedratherthanCV becauseas the meangrowthrate(r) goesto
zero, theCV goesto infinity.] The medianprobabilityof reachingcritical populationsizewas
recordedfor eachof 10,000simulations(Figure1-5).

At high ratesof decline,increasingpopulationsizehaslittle effecton thetime to reach
critical. For example,assumingr = -0.15 (the estimatedrate from thegroundplot surveys)it
would take <25 yearsfor a populationof5,000 pairsto reachthecritical level of 125 pairs;
and this lengthof time differs little over therangeof 1,000to 5,000 pairsin initial population.
size. Populationsizedoesnot havethedesiredeffectof dramaticallyincreasingtheamountof
time to critical populationsizesuntil the rateof decreaseis <5%/year. It isat about-5%/year
thatthe time periodto critical levelsincreasesto 50 years,which is perhapssufficient time to
find thecauseof thedeclineandreverseit.

It isclearthat rapid ratesof declineleavelittle time for managementactionsregardlessof
initial populationsize. We desire,therefore,to classifypopulationsasendangeredwhen rates
of declineallow a reasonableamountof time to correct thesituation. Considera populationof
10,000pairs. How long would it takefor sucha populationdecliningat a givenrate with a
standarddeviationof 0.21 (environmentalstochasticityfrom Milne 1974)to: (1) reachthe
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critical populationsize; and(2) becomeextinct? A simulationsimilar to theonejustdescribed
wasrun for different ratesof decline. Results(Figure1-6) aresummarizedin TableI-i.

For a marginof safety,we desireto havesmall probabilitiesof reachingcritical levelswithin
50 years. We seefrom Figure1-6 thatprobability ofreachingcritical sizewithin 50 years
increasesdramaticallywhen r < -0.05. Criteriafor classificationasendangeredareusually
expressedasprobabilitiesof extinction. Valuesthathavebeenproposedfor classificationas
endangeredare: (1) a20% chanceofextinction in 10 generationsor a growthrate < -0.05
(MaceandLande1991);and(2) a 20% chanceofextinction in 5 generationsor 50% decline
in two generations(anannualdeclineofr = -0.046for SpectacledEiders)(MaceandStuart
1994). Thesesuggestedprobabilitiesof extinction to qualify asendangeredseemto be settoo
high becausethecorrespondingprobabilityof becomingcritical within 50 yearsis almost

Figure I-S. Themediannumber ofyears to reachcritical levels from different population
sizesat different growth rates. For all simulations the highest rate of growth rate variability (s
= 0.21)was used.
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- CRITICAL IN <50 YEARS

EXTINCT < 100YEARS

Figure 1-6. The probabilities of becomingextinct in 100 years or becomingcritical ix 50 years
for different growth rates from an initial population sizeof 10,000pairs. The population size
of 10,000pairs was chosenbecausethis abundanceis thecriterion for delisting. For all
simulationsthe highest rate of growth rate variability (s = 0.21)was used.

Table I-i. Results from stochasticsimulationswith an initial nonulation sizeof 10.000nairs.

PROBABILiTY OF
EXTINCTION IN 100 YEARS

PROBABILITY OF
BECOMING CRITICAL

WITHIN 50 YEARS

GROWTH RATE (r)

0.006 0.050 -0.050

0.010 0.069 -0.054

0.050 0.177 -0.066

0.100 0.264 -0.073

0.200 0.397 -0.080
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40%. Thepopulationgrowth ratecriteria (<-0.05) is muchlessstringent,correspondingfor
spectacledEidersto a 0.6% probability ofextinction in 100 yearsanda 5% probability of
becomingcritical in 50 years. Giventhe uncertaintyin theSpectacledEider data,it does
seemsreasonableto adopta critical valueof r =-0.05 asa criterion for listing a populationas
endangered.Although this criteriagivesa low probability of extinction within 100 years
(0.6%),anda low probability of becomingcritical within 50 years(5%), it is clearfrom
FigureI-S thatboth of theseprobabilitiesincreasedramaticallyat ratesofdeclinegreaterthan
this value.

Estimatingthe Minimum Viable Population

Becauseof thepaucityof dataon theSpectacledEider’s life history, only a crudeestimatecan
bemadeof theMVP. Using thesameboundson variability in populationgrowth rate(from
0.07to 0.21), simulationscanbe run to characterizepopulationrisk by populationsize.
Resultsarevery sensitiveto model choice: if a densitydependentmodel is chosenthen
populationsaredrawntowardsthecarryingcapacityandawayfrom extinction. Somedensity
dependenceshouldbe normalfor mostpopulations.Thereareno dataon the responsesof
SpectacledEidersto changesin populationdensity,althoughincreasedclutch sizesin recent
years(Stehnet al. 1993) suggestsucha responseandwere notedin onedecreasingpopulation
of CommonEiders(Hario andSelin 1988). It hasbeenhypothesized,however,that increased
clutch sizesarea resultof a changein agestructuresuchthat thepopulationis composedof a
higherproportionof olderfemalesthathavelargerclutches(Stehnet al. 1993). Inclusionof
evena small degreeof densitydependencegreatlydecreasestheprobability of extinction
(Ginzburget al. 1990; StaceyandTaper1991).

The following exercisemakesthepessimisticassumptionthatpopulationsarenot density
dependent.On average,thepopulationgrowthrateis zero(stable)but thepopulationgrowth
ratefluctuatesrandomlyasdefinedby thestandarddeviationof the growth rate. The
following resultsare, therefore,worsethanwould be expectedfor a “normal” populationand
would lead to conservativedecisionsconcerningtheMVP. This approachis very similar to
theapproachusedto estimateMVP for deserttortoisein thedraft recoveryplan for that
species.MYPsaresupposedto be self-sustainingpopulationsandprobabilitiesof extinction
aretypically setat long time scales. For example,Shaffer(1987)recommendedtheMVP
critical probability be setat a 1 % chanceof extinction in 1,000 years. Giventheconservative
natureof theSpectacledEider model (i.e., with no densitydependence),this probability seems
overly restrictive. We recommend,thereforethat 500years(representingmorethan65 eider
generations)is a moresuitabletime frame.

To estimatethe probabilityof extinction, 10,000simulationsof stochasticpopulationgrowth
for initial populationsizeswhich doubledbetween50 and25,600pairs wererun as follows:
(1) startat initial populationsize; (2) eachyear, choosepopulationgrowth ratefrom a
distributionwith meanr = 0, s = 0.21; (3) projectforward until < 1 pair remains. FigureI-
6 showstheprobability ofextinction in 500and 1,000 yearsifs = 0.21. ResultsofFigureI-
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7 aresummarizedin Table1-2. A 5% chanceof extinction in 500yearscorrespondsto a
populationsizeof 8,500~ Thus, thedelistingpopulationsizeof 10,000pairscorrespondsto
<5% chanceof extinction in 500years.

Figure 1-7. Probability of extinction in 500 and 1,000years for different population sizes.
Population growth is chosenfrom distribution with mean r = 0, s = 0.21. No density
dependenceis assumed. Population dynamicsare a random walk.
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Table 1-2. Results of simulation which assumesmeanr = 0,5 = 0.21 for population sizescorresponding to
classification criteria ix this plan. The last columnis givenfor comparison sothat managerscan easily seethe
amount of time for researchand managementactions from the abundancethreshold levels if a population was to start
declining at a rate that would warrant endangeredstatus (i.e.. r ~ -0.05).

POPULATIONSIZE
(PAIRS)

PROBABILITY OF
EXTINCTION IN 500

YEARS

YEARS TO REACH
CRITICAL WITH

r = -0.051

2,000 0.102 36

3,000 0.081 45

5,000 0.063 57

6,000 0.056 58

8,500 0.050 65

10,000 0.048 65

25,000 0.025 106
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APPENDIX II

TECHNICAL DETAILS OFTHE BAYSIAN ANALYSIS

CALCULATION OF POSTERIORDISTRIBUTIONS

Estimationof theamountof risk to which SpectacledEidersareexposedmustbe based
primarily on an analysisof therateof changeofpopulationabundancewhereabundanceis
estimatedby varioussurveytechniques.For theSpectacledEider threetime seriesof
abundanceestimatesareanalyzed: theNorth Americanbreedingbird survey(numberof
estimates(n) = 39), aerialsurveysof theYKD coast(n = 8), andgroundplot surveyswhere
randomgroundplots stratifiedby habitattypeareexhaustivelysurveyedfor nests(n = 10).
Foreachsurveywewould like to know the probability of obtainingthesedatagivenvarious
hypothesesconcerningtheunknowns: populationgrowth rate(r--the slopeestimateof a
regressionof populationsizeagainsttime) and variancein the estimateof populationgrowth
rate(the standarderrorofthe estimate). Given aprobability distribution for population
growthratefor our particularsetof datawe candirectly answerquestionsabouttheprobability
that thepopulationis stableor growing. The rangeof hypothesestestedconstitutetheprior
distributionand theresultantdistribution, which is conditionalon thedata,is called the
posteriordistribution.

Our primary interestis in estimatingthepopulationgrowthratefrom observeddata,which are
abundanceindex estimateswith associatedprecisionestimates.We assumean exponentialmodel
ofpopulationgrowth(equation1).

= N0 e(ree) t (1) (2.)

whereN = numberofbreedingpairs,t = time (years),N0 = initial numberofbreedingpairs,r =
populationgrowthrateandE~ is GaussiandistributionsymbolizedasG (~, 5r2), where~ = 0 and

5r

is thestandarddeviationofr. When s~ = 0 themodelis deterministic. When ~r > 0 thenthe
modelis stochasticwith annualgrowthratedrawnfrom adistribution. The parameterof interest.
for classificationdecisionsis r. Parametersareestimatedby fitting themodelwith theavailable
time-seriesofabundanceestimatesusingBayesianmethods.This is analogousto a weightednon-
linear regressionusingclassicalstatisticalmethods(essentiallybecausethe contributionofeach
abundanceestimateto theestimationis weightedby theinverseof its estimatedprecisionor CV).

Dueto thenatureoftheavailabledataset,severalotherparametershaveto bedefinedand
estimated. The abundanceestimatesandtheir associatedcoefficientsofvariation,CV (which
wereestimatedfrom the samplingdesignfor eachsurvey), representtheobserveddatain this
analysis. Becausethenumberof eidersthatbreedandarethusavailableto be countedmayvary
throughtime (more thanexplainedby trendsin r), the estimatedCV may not accountfor all ofthe
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variancein theabundanceestimates.Therefore,weestimateaparameter(in) for theadditional
lackoffit to themodelnotaccountedfor by CV. This parametermultipliestheestimatedCV to
giveatotal estimatedvariance.

~2 (mC½N)&)2 (2)

where~2= varianceandthehatcharacterindicatestheestimatedvaluefrom thesurveydata. A
differentparameteris specifiedfor eachofthethreedifferentabundancetime-series(me, in

0, m~
wheresubscriptsdenoteB for breeding,G for groundplot andC for coastal). The estimated
CV’s accountfor theprecisionofthesurveysto estimatethenumberofeidersthatarein thestudy
area,whereasthepurposeofthe CV multipliers is to accountfor additionalvariancein the
abundanceestimates,suchasthenumberofeidersthatbreedin eachyearandthusareavailableto
be surveyed. Thesemultipliersareassumedto be constantthroughtime.

Two scalingparametersarerequiredto scalethe time seriesofabundanceindicesfrom different
surveysto oneanother. This-is becausenoneofthesurveyestimatesrepresentan estimateof
absoluteabundance,but insteadserveasrelativeindicesofabundance.Thereforewehave
arbitrarily chosenoneofthesurveys(theBreedingPairsurvey)asthe defaultunit ofmeasureof
relativeabundance,andtheothertwo surveys’dataarescaledto theseunits.The two scaling
parameters(a0andac)areestimatedaspart oftheoverall analysis. So in summary,we estimate
asmanyaseight parametersin theanalysis.

WeuseBayes’ theoremto estimatethespecifiedparametersfrom theabundanqedata. This
theoremstatesthattheprobability ofparameter0 giventhedatax, writtenp~0Ix), is proportional
to theproductoftheprobability ofthedatax givenparameter0, written p(xlO), andthe
probability oftheparameter,p(0),not conditionedupon thedatax. The probability p(Ok) is
called thepost~riordistributionfor parameter0, andis the endresultofthe~nalysis.The
probabilityp( is ca led thelikelihood function,and is oftenwritten asL(Obc). Theprobability
p(O)is called theprior distributionfor 0, andrepresentstheprobabilitydistributionfor 0 before
thedatax wereknown. Thus,theposteriordistributionis equalto theproductofthelikelihood
functionandthe prior distribution, normalizedby theintegralof theproductofthelikelihood and
theprior:

p(ejx) = L(eIx)p(e) C)f L(eIx)p(e)

In our analysisoftheSpectacledEider,we havespecifiedmorethanoneparameter,sohere0
representsup to 8 parameters.Thus,theintegrationin the denominator,which calculatesthe
normalizingconstant,is actuallymultidimensionalwith dimensionequal to thenumberof
parametersbeingestimated.
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The likelihoodfunction for theparametersin a populationmodel,givenatime seriesofabundance
estimates,is relativelyeasyto write andcalculate(e.g.,De la Mare, 1986).In anysingleyear,the
likelihood ofan observedabundanceestimatein yeart, N(t), given aspecifiedmodelpopulation
sizein yeart, N,, is straightfoward-- it is thelikelihood functiondefinedby theassumedsampling
distributionof theabundanceestimate.Herewe assumethesamplingdistributionofthe
abundanceestimatesis distributedasaGaussiandistributionwith estimatedmeanN(t) and
standarddeviation5(t), andthusthelikelihood is:

1 2
1 - ____ (N(t) -Ne)L(N~IN(t),S(t)) = e 2 S(t) (.4)~‘ThS(t)

AlthoughN, is not an explicit parameterofthemodel, themodelparametersN0 and r uniquely
determineapopulationtrajectoryN1, 2 N~ (where c is thelastyearprojectedto, thecurrent
year).Therefore,thetotal likelihood for N0 andr giventhedatais theproductseriesofall the
individual likelihoodsoftheN, ‘s (the modeltrajectory)giventheN(t)’s (the time-seriesof
abundanceestimates).

More formally, thelikelihood for thethreesurveyscombinedwas:

L(8I NB, N, N) n (5)

= p (NBIO) p (NGIO) p (NJ8) (6)

n

= H p (NB(t) 18) p (NG(t)18) p (N~(t)I8) (7)

t=i

- II LL(AT.r. m1 N,(r).C~N~(t))). L(NQ. r,m6,a0 I N0Q), CV(N~p))). L(NQ. r, m~.a (B)

I - (NQ) - p~)
2 -~ (NJ:) a~ - N)2-H e 2 sit) • e 2sJt) (9)

t- I v’~ s
8(t) vI~i S~3(t)

whwhere
N, = modelpopulationsize in yeart, asprojectedfrom N0 andr usingequation1,
N1 (t) = abundanceindexestimatefor SurveyI in year t,
a1 = scaleparameterthatscalesan abundanceestimatefrom surveyIto theBreedingPair

survey,

I index ofthe surveytype, whereB indicatestheBreedingPairsurveys,G indicatesthe
GroundPlot surveys, and C indicatestheCoastalsurveys,

S~(t) = thetotal standarddeviationof abundanceestimateN1(t), and is definedas:

Appendix II- Page3



S1(t) = m1 CV(N(t)) N(t) (2.0)

where
= theCV multiplier for surveyI,

CV(N1(t)) = theestimatedsurveyprecision(CV) ofabundanceestimate141(t).

Note thatparametervaluesthatmaximize equation4 arethemaximumlikelihood estimates,a
commonpoint estimatorin frequentiststatistics. In Bayesianstatistics,ratherthanmaximizing
equation4 we needto integratetheproductof it andtheprior distributionofthe parameters
(definedbelow).

Until fairly recently,mostBayesiananalyseswererestrictedto caseswherethe prior distribution
couldbe chosenso thatit was“conjugate”to thelikelihood distribution,resultingin theirproduct
beingadistributionofaknown form, whichwasintegratableby analyticmethods.Advancesin
computingpowerandnumericalandMonteCarlo integrationmethodshaveremovedthis
restriction. We usetheSampling-Importance-ResamplingroutineofRubin(1988),which Smith
and Gelfand(1992)advocateasaparticularlyusefulandsimpleintegrationtechniquefor
Bayesianstatistics. In thismethod,valuesfor theparametersarerandomlyselectedfrom their
joint prior distributionto form a sampleset 0~. The likelihood ofthedatagiventhisparticularO~
is calculatedand stored. This is repeated,generatingn1 O,’s with associatedlikelihoods. Thesen1
O,’s arethen re-sampledn2 timeswith replacement,with probability equalto weight q~, where

L(011x) (12.)

j~1 L(831x)

Rubin(1988)showedthatthis generatesarandomsamplefrom thejoint posteriordistributionof
sizen2. The resamplingwith replacementfrom then1 O,’s with weight CL makesthis process
analogousto aweightedbootstrapprocedure.We set valuesfor n1 andn2 to yield smooth
posteriordistributions,whichdependedon thenumberofparametersestimated.For singlesurvey
analyses,n1 = 300,000,n2 = 5,000. For analysesofall threesurveys,n1 = 8,000,000,n2 = 10,000.
For analysesofall surveyswith environmentalstochasticity(equation1), n1 = 25,000,000,n2 =
10,000. With theexceptionof initial populationsize,prior distributionswereUniform
distributionsthatwereiteratively setto encompassthevaluesof theposteriordistributionfor each
parameter.

For thefull analysisusingthedeterministicpopulationmodel(equation1) andall threedatasets,
valueswererandomlydrawnfrom their prior distributionsfor the sevenparameters(r, N0 ma, 1%,

a0~ andar))to form a01. Thoseparametervalueswerethenusedto projecta model
populationtrajectoryusingequation1, forming aseriesofmodelpopulationsizesN1, N2, . .N~.
The likelihood ofthatpopulationtrajectorygiventhedatawasthencalculatedusingequation9,
andthe0, ‘s and associatedlikelihood valuewerestored.Thiswasrepeatedn1 timesto formthe
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initial sample.ThentheO~ werere-sampledn2 timeswith replacementwith weightCL (equation11)
to form thesecondsample,whichrepresentsarandomsamplefrom theposteriordistributionand
is thususedto approximatetheposteriordistribution(Figure2).

We analyzethethreetime seriesbothtogetherandseparatelyto illustratetheeffectsof different
quantitiesandqualitiesofdataon theclassificationprocess. Thesevenparametersnecessaryfor
theanalysisofall 3 datasetsweregivenprior distributionsasfollows: (1) N0 (initial population
size in 1957,in units ofBreedingPairSurvey)G (23,165,19,1112), (2) r [UniformU (-0.095,-
0.045), (3) me--multiplierfor additionalvariancein BreedingPairSurveyU (0.3,0.8), (4) in0--

multiplier for additionalvariancein GroundPlot SurveyU (0.7,3.5),(5) me--multiplierfor
additionalvariancein CoastalSurveyU (0.8,7.5), (6) a0--scalerofabundanceindexfor Ground
Plotto BreedingPair SurveyU (0.35,2.90),(7) ar--scalerofCoastalto BreedingPairSurveyU
(0.35, 2.50). The prior for N0 is basedon thefirst abundanceestimatefrom theBreedingPair
surveyin 1957. The otherpriors werechosento beuniform distributionsto representno prior
knowledgeoftheirvalue. Forpracticalpurposesweboundedtheprior distributionsbecause
extremevalueshadnearlyzerolikelihood. We settheseboundsafterafew trial runsto ensure
thatthepriors includedall possiblevaluesoftheposteriordistribution.

The classificationcriterion for endangered(r =-0.05)wasbasedon simulationsthat included
environmentalstochasticity.Environmentalstochasticitymakesthelong-termgrowthrateless
thantheexpectedgrowthrate(r). For example,apopulationwith meanr = 0.00andsome
amountofvariancewill not fluctuatearoundtheinitial abundance,but ratherwill decline. The
differencebetweentheexpectedgrowthrateandthelong-termgrowthrateis becausethelong-
termgrowthrateis actually thegeometricmeanofthedistributionofgrowthrates,whichis
alwayslessthanthe arithmeticmean. To checkthatourclassificationdecisionsarenot
influencedby the omissionofenvironmentalstochasticity,were-analyzedthefull datasetusing
thestochasticpopulationmodel(equation1). Theprior distributionfor theadditionalparameter
~r, thestandarddeviationofthegrowthrate,wasspecifiedasfollows. We usedboth auniform
distributionandaworstcasescenariousingonly thehighestvaluefor variability in r. These
valueswerebasedon thedataavailablefor CommonEiders. Therefore,theprior for s~ waseither
U (0.07,0.21)orwasfixed at 0.21.

This prior distributionfor s,.pointsout anotheruniqueadvantageofBayesianmethods-- an
explicit frameworkfor incorporatingprior knowledgeinto an analysis.It is well known thatwhen
fitting a populationmodelto abundancedatait is impossibleto distinguishbetweenenvironmental
varianceandsamplingerrorfrom theabundancedataalone(Hilborn andWalters1992). This has
led researchersto ignoreoneor theother. Using a Bayesianframeworkhasenabledusto
incorporateboth,asthesamplingerror is accountedfor by theCV’s andtheir multipliers,and
uncertaintydueto environmentalvarianceis incorporatedinto theprior distributionfor s~, using
datafrom CommonEiders. Admittedly thedataon environmentalvariancearenot ideal,but they
arepreferableto eitherignoring stochasticpopulationdynamicsorassuminga non-informative
prior which might over-emphasizethe importanceofvariancein r.
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BAYESIAN DECISIONANALYSIS FORUSE IN LISTING AND
DELISTING DECISIONSABOUT SPECTACLEDElDERS

AppendixI setthresholdsfor classificationdecisionsand calculatedtheprobability of different
ratesofpopulationgrowthgiventhe YKD surveydata. Beforedecidingwhetheror not to
classifya populationin a certainrisk categorywe mustconsiderthe consequencesof either
under-or over-protectingthespecies.AppendixI showedthat populationsdeclining athigher
ratesareat a higherriskof extinction. We expect,therefore,that thecostsof notclassifyinga
populationdeclining at 10%/yearwill exceedthoseof a populationdecliningat 5%/year.
Bayesianscall thefunction that relatescostto particularoutcomesa “loss function”. Our loss
functionquantifiesthe risk of extinction. We expectthatthelosscausedby incorrectlynot
classifyinga speciesto a higherrisk categorywill increaseastherisk of extinction increases
(althoughoncetheprobability of extinctionbecomesnearlyone, thecostshouldremainthe
samefor all casesleadingto thatlevel of risk). We alsoexpectthis loss to becomezerowhen
thepopulationis stableor growingbecausethedecisionnotto classifyto a higherrisk
categoryis correct. Becausetherecoveryteamchoseto equalizeover- andunder-protection
errors,thelossfunction for over-protectingthepopulationis symmetricalto theunder-
protectionloss function andbecomeszeroat thedecisionthreshold. Figure9 (PartII:
Recovery)showslossfunctionsfor the threatenedto endangeredclassificationdecision.
Figure11-1 showsthelossfunctionsfor theendangeredto threatenedandthreatenedto delisted
classificationdecisions.

To obtainthe lossfunctionswe simulatedpopulationtrajectoriesasfollows, for ratesof
declinefrom r = 0.0 to r = -0.25: 1) chooseN0 with a 50% probability from the 1995
estimatefor eitherthegroundplot surveyor thecoastalsurvey,2) chooses~ from U
(0.07,0.21),3) for eachyear chooser’ from G (r,s~2), 4) projectpopulationfor 50 years,5)
repeatsteps1-4 10,000timesrecordingeachtime thepopulationendedwith <250adults. It
may seemodd thatapopulationdecliningat r = -0.07 incursthesamelossasonedecliningat r =
-0.10. The consequencesof failing to classifyeitherof thesepopulations,however,is the same.
It is likely thateitherthepopulationwould go extinct orendup in a captivebreedingprogram.
Onecould compareit to theunpleasanteventofbeingshotin theheadwhereit matterslittle
whethera .44 magnumor ashotgunwereusedbecausetheresultis thesame.

Calculationoflossfor eacherror type is doneby multiplying the chosenposteriordistributionfor
r by eachlossfunction. Table 1 showsasimplified calculationfor thehypotheticalexamplegiven
in II. Recovery. The tabulationfor theactualposteriordistributionfor theYKD modelis too
long to showin atable,but is essentiallythesamecalculation.
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Table1. Calculationsfor theover-andunder-protectivelossesfor thelossfunctionsandtrend
probabilitydistributionshownin Figure10 in partII Recovery. The under-protectionlossfor
a singlevalueof r is theprobability of r giventhedatatimesthe valueof the lossfunction.
For example,if r = -0.05 thenthelosscalculationwould be0.10648x 0.063 = 0.00671.

r . probability of r
given data
(hypothetical)

under-protaction
loss function

over-protaction loss
function

under- pro4ection
loss

over-protection loss

-0.105 0.00000 1.0000 0.0000 0.00000 0.00000

-0.100 0.00004 1.0000 0.0000 0.00005 0.00000

-0.095 0.00016 1.0000 0.0000 0.00016 0.00000

-0.090 0.00051 1.0000 0.0000 0.00051 0.00000

-0.085 0.00148 1.0000 0.0000 0.00148 0.00000

-0.080 0.00380 1.0000 0.0000 0.00380 0.00000

-0.075 0.00874 1.0000 0.0000 0.00874 0.00000

-0.070 0.01800 1.0000 0.0000 0.01800 0.00000

.0.065 0.033 16 0.9600 0.0000 0.03183 0.00000

-0.060 0.05467 0.5990 0.0000 0.03275 0.00000

-0.055 0.08066 0.2360 0.0000 0.01904 0.00000

-0.050 0.10648 0.0630 0.0000 0.00671 0.00000

-0.045 0.12579 0.0070 0.0000 0.00088 0.00000

-0.040 0.13298 0.0000 0.0000 0.00000 0.00000

-0.035 0.12579 0.0000 0.0000 0.00000 0.00000

-0.030 0.10648 0.0000 0.0000 0.00000 0.00000

-0.025 0.08066 0.0000 0.0000 0.00000 0.00000

-0.020 0.05467 0.0000 0.0000 0.00000 0.00000

-0.015 0.03316 0.0000 0.0000 0.00000 0.00000

-0.010 0.01800 0.0000 0.0000 0.00000 0.00000

-0.005 0.00874 0.0000 0.0070 0.00000 0.00006

0.000 0.00380 0.0000 0.0630 0.00000 0.00024

0.005 0.00148 0.0000 0.2360 0.00000 0.00035

0.010 0.00051 0.0000 0.5990 0.00000 0.00031

0.015 0.00016 0.0000 0.9600 0.00000 0.00015

0.020 0.00004 . 0.0000 .1.0000 0.00000 0.00005

0.025 0.00000 0.0000 1.0000 0.00000 0.00000

SUM 1.00000 0.12394 0.00116
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APPENDIX III

SPECTACLEDEIDER DEMOGRAPHY

The singlegreatestdifficulty in assistingtherecoveryof SpectacledEidersis that thecause(s)
of thedeclineis (are) unknown. Therefore,earlyefforts mustconcentrateon determiningthe
cause(s)of thedecline. Analysisof age-specificbirth andsurvivalratesandtheir effectsona
population’sdynamicscanprovidecluesto theproximatecauseof thedeclineand, thus,can
help focus research.This sectionfollows an analyticalstrategysimilar to that in theother
modelingappendices.

Although very little is known aboutthe demographyof SpectacledEiders,manystudieshave
beendoneon birth andsurvivalratesof CommonEiders. At this time, thebestthatcanbe
doneto understandthelife history strategyof SpectacledEidersis to assumethatbirth and
survivalratesandageat first reproductionfor SpectacledEidersarewithin therangeof those
for CommonEiders. This exercisewill attemptto includeuncertaintyin birth andsurvival
ratesinto the demographicanalysisto generatedistributionsof statistics,suchasthechanges
requiredin variousbirth andsurvivalratesto gettheobservedrateof decline. Thetechnique
usedis Bayesianin flavor in thatpre-modeldistributionsfor birth andsurvivalratesareused
(seeAppendix II for a descriptionof theBayes-likeapproach). A pre-modeldistribution for a
parametergivesthe probability for differentvaluesof theparameter.For example,if we
knew absolutelynothingaboutan organism,we mightassumethatadult survivalcould takeon
anyvaluebetween0 and 1 with equallikelihood (uniform distribution). If, however,we have
somedataon thespeciesor datafrom a similar species,we couldlimit this rangeandperhaps
make somevaluesmorelikely thanothers.

clutch = meannumberof eggs/clutch;
propnest= meanproportionof adultfemalesthat nestin a

year;

AFR,,~ = the maximumageoffirst reproduction(i.e., all
femaleshavebredat leastonce);

p5 = adult survivalrate(age > 1); and
= juvenilesurvival rate(age0 to 1).

In addition, themodel assumesthat thelast year whenno birds hadbred wasyear 1. For
birds youngerthanAFR.J,~, theproportionthatwas maturewascalculatedasa linear
interpolationbetweenaprobability of 0 at age 1 andaprobability of 1 at ageAFR,D~. We
assumedthe sexratio was k 1 andthat theoldestage (o) waswhen survivorshipreached1 %.

Thecrudebirth ratewasthus calculatedas:

= clutch * sex ratio * propnest (1)
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wherex = age. The fertility rate is therefore:
f= p m~1 (2)

wherep representsthesurvival rate. Theproportionsurviving (survivorship) to eachage(li)
is:

X CC.)

x=O

The intrinsic rateof growthof thepopulation(r) is thencalculatediteratively from Lotka’s
equation:

Beforeintroducinguncertaintyin the estimationof birth andsurvivalrates,it is instructiveto
usea simpleexampleto examinethe magnitudeof differencesexpectedin demographic
statistics. The exampleis basedon Coulson’s(1984) CommonEider data. No estimateis
givenfor juvenilesurvival rate. Juvenilesurvivalrateis, therefore,initially solvedfor by
assumingr = 0 andsolving equation4. If a populationwereto growat thesameratefor a
long periodof time, eventuallytheproportionofanimalsin eachagewould remainthe same
from yearto year. This is called stableagedistribution. The proportionof first-time nesters
(recruits)to the total numberof nesterscanalsobe calculated. Theproportionfirst-time
nesterscanbe estimatedfrom bandingdata(Coulson1984). This proportioncanpotentially
serveasa diagnosticto tell whetherthenestingpopulationisprimarily old birds (a sign of low
recruitment)or youngbirds (a signof loweredadult survival). If we assumethatapopulation
declinecanbe attributedto changein a singleparameter,we cancalculatethestableage
distributionandtheproportionofrecruits. The resultsof assuminga 15%/yeardecline(the
estimatefrom the YKD groundplot data; Stehnet al. 1993), arepresentedin FigureIll-la.
Most of thepopulationis 0-year-olds(eggs)which makesdetectingdifferencesin older
categoriesdifficult to see.

A moreinformativedepictionof agestructureincludesonly agesolderthantwo (Figure
llI-lb). If we assumethatthe currentrateof declineis thepointestimatefrom thegroundplot
survey (r = -0.15), we canaskwhatproportionof nestingfemaleswould be first-timenesters
if thedeclinewas solely becauseof decreasesin variousparameters.If thedeclinewasdue
entirelyto reducedjuvenile(first-year) survivalrate, theproportionof first-time nestersis
muchless(6.3%)thanif thedeclinewasdueto a reductionin adult survivalrates(21 %).
Two factorssuggestthat theagestructuremayhavechangedtowardsa higherproportion
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Figure 111-i. Stableagedistribution for CommonEiders basedon Coulson’s (1984)data. All ages
are shownin a. The key below the figure indicates the type of model. The initial model (r = 0)
is shownfor purposesof comparison. The models for reduced survival (r = -0.15) are: reduction
in juvenile (first-year) survival rate, reduction in all survival rates, reduction in adult survival rate,
and reduction in fertility. Only ages >2 are shown in b”. The proportion of the total nesting
population that is first-time nestersis shown in boxesfor the different models.
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of olderfemales: (1) olderfemalesin CommonEidershavelargermeanclutch sizes(Baille
andMime 1982);and (2) meanclutch sizehasincreasedsignificantly on theYKD (Stehnet al.
1993). Although this increasein clutchsizecouldbea densitydependentresponseto reduced
populationsize(Hario andSelin 1988),we would be encouragedto gatherevidenceon the
proportionof newnestersif wehad survivaldataof thequality of Coulson‘s.

Of course,wedo not currentlyhavesufficient dataon SpectacledEidersto estimatesurvival
rates. It is thereforereasonableto askwhether,given therangeof survivalratesfor Common
Eiders,we expectto seedifferencesin values(e.g., theproportionof first-time nesters),that
would allow hypothesistestingwith a high probability of correctlydetectinga difference. The
approachtaken is similar to theexercisepresentedabove. Parametervaluesfor thefirst four
parameterslisted abovearechosenfrom plausibledistributionsfor thosevaluesbasedon
CommonEiderdatawherethepopulationgrowthratewasthoughtto be nearstable(r = 0).
Becausethenull hypothesisis thatthepopulationis stable(r = 0), thefinal parameter,first-
yearsurvivalrate, is solvedto yield this growthrate. The alternatehypothesisis thatoneof
theparametersdecreasedto give aplausiblerateof declinefor theYKD (chosenfrom the
post-modeldistributionfor thegroundplot surveysin AppendixI). By decreasingadult
survival, first-yearsurvivalandfertility separately,wecancalculatedistributionsof what
valuestheseparameterswould needto be to havebeenthe solecauseof thedecline.
Comparisonof thesedistributionsthenhelpsusassesswhetherdemographicresearchwill be
likely to be ableto eliminatehypothesesconcerningtheproximatecauseof decline. For
example,if we knew thatjuvenilesurvivalwastheprimary causeof thedecline,research
prioritieswould be shiftedto finding thecausefor thereductionin juvenilesurvival.

To incorporateuncertaintyin thefour demographicparameters,eachis drawn randomlyfrom
distributionsintendedto coverthepossiblerangeof valuesfor thatparameterwhen
r = 0. ForCommonEiders,demographicparameterseachhavequitelargeranges. Because
our understandingof how theseparametersmight representSpectacledEiders is rudimentary,
we choseto representmostprobability distributionswith a triangulardistribution. The
triangulardistributionsaredefinedby theminimumandmaximumvaluesfor the parameter
found in theliteratureandhavea maximumprobability at themeanbetweenthe extreme
values. Estimatesof meanclutchsize from SpectacledEidersin Alaskaareusedfor thepre-
model distribution(minimum = 4.05, maximum = 5.92, maximumprobability of triangular
distribution = [minimum+ maximum]/2 = 4.985). This minimum is the 1965-1976mean
(4.688)less2 standarddeviations(0.3176). The maximumis the 1986-1992mean(5.104)
plus 2 standarddeviations(0.406)(Stehnet al. 1993). Datafor theproportionof adult
femalesnestingare: mean = 0.753 (Milne 1974),mean = 0.78 (Coulson1984),0.78-0.90
(Baillie andMilne 1982). Basedon thesevalueswe usedatriangulardistribution: minimum
= 0.5; maximum = 1.0; maximumprobability = 0.75. Estimatesof age-specificproportion
maturearescarcebut supporta gradualonsetof maturitybetweentheagesof two and five
(Reed1983; Baille andMilne 1982). Estimatesfrom CommonEiderpopulationsthatdo not
showevidenceof adecline(somewereincreasingat low ratesusually <4%/year)wereused
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for thepre-modeldistributionofadult survival(minimum = 0.75; maximum= 0.95basedon
Tablern-i; maximumprobability = 0.85) (Table111-2). Juvenilesurvival wascalculatedas
thatvaluethatgiven theotherparametervalueschosenwould yield a populationwith no
growth (r = 0, equation4).

Table rn-i. Adult survival rates for Common Eider novulations not notedasdeclininf.

ADULT SURVIVAL RATE I SOURCE LOCATIONI

0.93-0.96 BAILLE AND MILNE 1982 SCOTLAND

> 0.9 SWENNEN 1972 NETHERLANDS

0.75-1.00, COULSON1984
mean = 0.895

GREAT BRITAIN

0.85 (AVERAGE OF REEDAND ERSKINE
VARIOUS STUDIES) 1986

CANADA

0.83 HARIO AND SELIN 1988 FINLAND

0.826+ 0.099 REED 1983 CANADA

0.77OR 0.81 WAKELY AND
MENDALL 1976

MAINE

0.76, 0.78 WAKELY 1973 MAINE

Table 111-2. Parameter rangesusedin demographic analysis.

PARAMETER MINIMUM MAXIMUM

ADULT SURVIVAL 0.75 0.95

CLUTCH SIZE 4.05 5.92

PROPORTIONNESTING 0.753 1.000

MAXIMUM AGE 3.5
IMMATURE

5.0
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RESULTS

Solutionsfor singlecausedecline(such asreductionin first-yearsurvival) usingrandomly
selecteddemographicparameterscouldnot be attainedfor approximately20% of the
combinations. Forexample,if a high adult survivalratewaschosenwith a high rateof
decline,it wasnot possibleto obtain therateof declinejust by reducingfirst-yearsurvival. If,
for exampleadultsurvivalrate = 0.90and r = -0.15, if therewas no recruitment,the
populationwould declineat theadult survivalrate(about.r = -0.10). The following results
areonly for thecasesfor which a solutionwaspossible. 100 simulationswererun.

Theresultantdistributionof growthratesareshownin Figure111-2. The pre-model
distributionusedwasthe YKD post-modeldistribution for thegroundplot surveys. The range
for first-yearsurvivalrateswhen r = 0 is surprisinglylarge(Figure111-3). The high first-year
survivalratesareobtainedwhenlow valuesfor both adult survivalandclutch sizearechosen.
This casedemonstrateswhat holds truefor therestof this analysis: wide rangesfor pre-
modeldistributionslead to wide rangesin parametersestimatedfrom thosedistributions. The
rangeof thepre-modeldistributionsfor meanadult survivalraterevealsa life history strategy

Figure m-z. Distribution of the growth rate (r) taken from the post-modeldistribution for r from
the ground plot data (Appendix 1). Only valueswhich allowedsingleparameter changesto
decreasegrowth rate from r = 0 were allowed. This distribution is slightly deficient in the
expectednumber of values (-0.15 (compare to Figure 1-2). This reflects the near impossibility of
obtaining a high rate of decline simply by reducing recruitment.
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thatappearsto be quiteflexible in CommonEiders. Scotlandbirds havethestrategyof high
adult survivalcoupledwith low survival to fledging (Milne 1974). In a simultaneousstudy in
the Netherlands(Swennen1983),adultshadlower adult survivalcoupledwith highersurvival
to fledging.

If we assumefirst-yearsurvivalwasthe solecauseof decline,thepost-modeldistribution
(Figure111-4) revealsa moderatedegreeof overlapwith theoriginal distribution(Figure
rn-3). Only first-yearsurvivalrateslessthan 5%/yearwould identify this typeof decline. A
largeproportionof thepost-modeldistributionfor adult survival(Figure111-5) is belowthe
minimum survivalrateof 0.75 ofthe pre-modeldistribution. It is interestingto notethat
preliminaryestimatesofadult survivalon the YKD, 0.67-0.77(J.B. Grand,pers.comm.),are
well within the expectedrangeif a reductionin adult survivalwasthe solecauseof decline.
Clutch size, on the otherhand,showsalmostno overlapwith thepre-modeldistributionthat
hada minimumof 4.053 (Figure111-6). Even if addledeggsweresubtractedfrom clutchsize,
reducedclutchsizeis nota viablehypothesisas thesolecauseof thedecline. Thus, evenwith
very broaddemographicpre-models,it is very unlikely that thedeclinecould havebeencaused
solely by a decreasein eggproduction. This is not a very startlingconclusionsincetherehas
beena significantincreasein .clutch sizeduring thedecline(Stehnet al. 1993).

Generationtime canbe thoughtof as theaverageageof theparentsof theoffspring produced
by a populationat thestableage distribution(Caswell 1989). Recallingthedifferentage
structuresin Figure111-1, wecanguessthat generationtime is dependenton thepopulation

~0.06
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0. 0.02

0

0 0.06 0.1 0.15 0.2 0.25

FIRST-YEAR SURViVAL RATE

Figure ~-3. Thedistribution of first-year survival rates which yield r = 0 givenother randomly
chosendemographic parameters. The rather large range of values is a result of rather wide pre-
model distributions for adult survival rate and the distributions which yield fertility.
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Figure 111-4. The distribution of first-year survival rates assumingthat thepopulation decline was
causedby a changein only first-year survival rates. Notethat this distribution overlaps rather little
with the distribution in Figure 111-3.

Figure Ill-S. Thedistribution of adult survival rates assuming that thepopulation decline was
causedby a changein only adult survival rates. Much of the distribution lies below 0.75 which
was the minimum survival rate in the pre-model distribution.
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Figure 111-6. Thedistribution of meanclutch sizeassumingthat thepopulation decline was caused
by a change in only meanclutch size. Notethat virtually all of this distribution liesbelow the
minimum value in the pre-modeldistribution (2.5).

Figure 111-7. The distribution of generationtimes for the 100 simulations of the
declining population.
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growthrate. Perhapsthis canbemoreintuitively understoodwith ahumanexample. The
averageageof parentsin Sweden,apopulationwhich is declining slightly, ismucholderthan
theaverageageof parentsin Mexico, a populationgrowing at a rapidrate.

The distributionof generationtimes (using equation5) for thedeclining YKD population
(Figure111-7) averages7.61 (s = 1.68). Generationtime is oftenusedasa unit of time in
calculatingprobability of extinction (Appendix I).

.1 .z—1

L’ er2 ~ rIp1 .2
1=0

I—i

~ e -ri if rip
1=0 .20 .2

(5)

Anotherway to view thebroadcombinationsof demographicparameterspossiblegivenour
currentknowledgeis by looking at a scatterplot of estimatesof theparametersagainstgrowth
rate(Figure111-8). Weexpectan increasein survivaland/orbirth rateswith increasing
growth rates. We observedthatalthoughexpectationsaremet, thereis a largescatterof
possiblevaluesfor anygivengrowth rate. The largescatterin therangeof clutchsizeaswell
asthegreateramountof increaseasgrowth rateincreasesis further evidencethat this
parameterhas lessof an effecton growth ratesthando theotherparameters.

Figure 111-8. Survival rates and meanclutch sizeplotted against the resulting growth rate (r).
Symbols for the parametersare: adult survival--opensquare, clutch size--triangle, first-year
survival--filled square.
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How do the largenumberof demographicpossibilitiesaffectour ability to test hypotheses
aboutthecause(s)of thedecline? As mentioned,theproportionof new nesterscouldbe used
to determinewhetheradult survivalor lack of recruitmentwastheprimary causeofdecline.
Incorporatingthe uncertaintyin parametersreducesour ability to detectdifferencesbetween
thesealternatives(Figure111-9). Clearly, if theproportionnewnesters/totalnestersis greater
than0.22, thenreducedadult survivalis likely whereasif this proportionis lessthan 0.12,
thenreducedrecruitment(eitherreducedfertility or reducedfirst-yearsurvival) is thelikely
cause. Although thereis someoverlapbetweenthedistributionfor reductionin adult survival
andthe distributionsfor reducedrecruitment,it is anticipatedthatactual estimatesfrom
SpectacledEiderswill reducetherangefor demographicparametersandtightenthese
distributions. Thus, it is still possiblethatthe proportionof first-time nesterscouldbea useful
diagnosticstatistic.

PERCENTILESOF 95%
THE DISTRIBUTION

50%

5%

Figure ~-9. Theproportion of nesterswhich are first-time nesters,assumingthedecline was
causedby a reduction in: first-year survival only, adult survival only, and fertility only. The
squaresrepresentthe following percentiles of the distributions: 5%, 50%, 95%. The percentiles
are the samefor first-year survival and fertility becauseboth have the sameeffect on recmitment
into the breedingpopulation.

Despitelargeuncertaintyin demographicparameters,thebasiclife history strategyof eidersis
still quite clear(Figure111-10). Populationgrowth is mostsensitiveto changesin adult
survival, followed distantlyby fertility andjuvenile survival. Regardlessof thecauseof the
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decline,by far thefastestway to recoveryis to increaseadult survival. Therefore,efforts
shouldbe madeto reducepredation(humanor otherwise)on adults. To getequivalentresults
in increasingpopulationgrowthby increasingjuvenilesurvivalwill requireenormous
reductionsin juvenilemortality.

Figure rn-b. Results of a demographic sensitivity analysis. Given a stable population (r = 0),
the results give the population growth rate that would result from a 10% increasein: juvenile
survival only, adult survival only, and fertility only. Growth rates are most sensitiveto changesin
adult survival rates: a 10% increasein adult survival results in about an 8% increasein population
growth. An equivalent increasein juvenile survival rate results in <2% increasein r.

Theseresultsmayappeardiscouragingbut it mustbe rememberedthatthey areentirely
contingentuponvery wide pre-modeldistributionsbasedon anotherspecies.Datacurrently
beinggatheredto estimatesurvivalrateson the YKD cannotbe usedasdatafor pre-model
distributionsfor r = 0. Oncethesedataareavailable,the modelpresentedherewill haveto
be run in reverse: askingif increasesin varioussurvivalor fertility factorsleadto plausible
valuesfor survivalor fertility when r = 0. Assessingwhat is plausiblewill eitherrequireuse
of selecteddatafrom otherspeciesor useof SpectacledEider datafrom stablepopulations.
Arctic Russiamay offer an opportunityto studya stablepopulation,but we aremany years
from beingableto assessthatpossibility. At thecurrenttime, thereareonly a few lessonsthat
canbe learnedfrom a demographicanalysis. First, populationgrowthrate is mostsensitiveto
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adult survival. If thereis anypossibilityof increasingadult survival, it shouldbe given high
priority. Second,a low proportionof first time nesters(<12%)indicatesa lack of
recruitmentwhile a higherrate (>22%)indicatesreducedadult survival. Third, it isnot
likely that thedeclinewascausedby decreasedclutch size. Decreasedfertility cannotbe ruled
out becauseof thelack ofinformation on theproportionof adult femaleswhich nestin a given
year.
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APPENDIX IV
SPECTACLEDEIDER RECOVERYPLAN

GUIDANCE FORPROJECTPLANNING AND SECTION7 CONSULTATION FOR
ACTIVITIES WITHIN THE BREEDINGRANGE OF SPECTACLEDELDERS

U.S. FishandWildlife Service,Alaska
March 1996
Page1 of 2

Theseguidelinesareintendedto assistfederalagenciesandprojectapplicants(50 CFR402.02)
in planningprojectsthatarewithin thebreedingrangeof SpectacledEiders(Somateria
fischen). Section7(a)(2)of theEndangeredSpeciesAct of 1973, asamended,requiresfederal
agenciesto consultwith the U.S. FishandWildlife Service(Service)on anyproject they
authorize,fund, or carryout thatmayaffect listed species,including SpectacledEiders. All
projectswithin thehistoricalbreedingrangeof SpectacledEidersshouldbe evaluatedfor their
potentialto affectSpectacledEiders. In somecases,consultationwith Servicebiologists
regardingspecificprojectsmayresultin lessrestrictivemeasuresthanthoseoutlinedin the
guidelinesif availableinformationindicatesthat compliancewith theguidelinesis not
necessaryto avoid impactsto SpectacledEiders,ormore restrictivemeasuresif guidelinesdo
notprovideadequateprotection.

Theseguidelinesapplyto all activitieswithin thehistoricalbreedingrangeof SpectacledEiders
which includescoastalareasofAlaskafrom the Yukon-KuskokwimDelta to theYukon
TerritoryBorder(seeFigure1 of theRecoveryPlan). Eidersarepresenton thebreeding
groundsasearlyasmid-May throughas lateasmid-September,but activitiesduringanytime
of the yearhavethepotential to adverselyaffectSpectacledEidersthroughhabitat
modification. Eidersaremostvulnerableto disturbanceduring nesting;disturbancemaycause
a femaleto flush from thenest, leaving theeggsvulnerableto predation,or maycausenest
abandonment.FemaleSpectacledEidersmayreturnto thesamegeneralareato breedeach
year,but they do not typically usethesamenestsite. Protectingpreviouslyusednestsites will
not, therefore,adequatelyprotectnestingSpectacledEidersin thecurrentyear. If project
activitiestakeplaceduringthe breedingseason,groundsurveysfor nestsitesmustbe
conductedin theyearof construction,before theinitiation of activities, to locateanynestsin
theprojectarea. The consensusamongbiologistswho havestudiedSpectacledEidersduring
thebreedingseasonis thata 200mbuffer aroundnestsitesis adequateto avoidimpactsto
nestingeiders.

Informationon habitatpreferencesand usepatterns,vulnerability to disturbance,andhabitat
availability is lacking for SpectacledEiders. It is thereforedifficult to developspecific
guidelineswhich will apply to all projectactivities; projectsshouldbe reviewedon a case-by-
casebasis to evaluatethelikelihood of adverseimpactsto SpectacledEiders.

Theseguidelineswill be reviewedannuallyand updatedwhenrelevantnew information
becomesavailable.
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GUIDANCE FOR SECTION7 CONSULTATION AND PROJECTPLANNING FOR
ACTIVITIES WITHIN THE BREEDINGRANGEOF SPECTACLEDElDERS

U.S. Fish andWildlife Service
March 1996
Page2 of 2

A. Habitat in theprojectareamustbe assessedto determineif SpectacledEidersarelikely
to usetheareafor nestingor brood rearing(seepages24 and25 of the RecoveryPlan
for habitatdescriptions).If projectactivitiesareconductedduring thebreedingseason,
Service-approvedsurveysfor SpectacledEidersmustbe conductedin the yearof
construction,prior to initiation of suchactivities.

B. The following activitiesmayadverselyaffectSpectacledEiders,andthereforerequire
formal consultationwith theService. If theyareprohibited,however,within 200mof
nestsites, it is unlikely thattheproject will adverselyaffect SpectacledEiders.

1. Groundlevel activity (by vehicle or on foot) from 20May through 1 August,

excepton existing thoroughfares.

2. Constructionofpermanentfacilities, placementof fill, or alterationof habitat.

3. Introductionof high noiselevelswithin 200mof nestsites (from activitiesat
potentiallygreaterdistances),20 May through1 August. Thesemay include
but arenot limited to: airports,blasting,andcompressorstations.

For moreinformationaboutspectacledeidersor theEndangeredSpeciesAct, or to initiate
section7 consultationwith theServiceregardingspecificprojectplans, pleasecontact:

EndangeredSpecies,EcologicalServices
U.S.Fish andWildlife Service

Region7 (Alaska)

FairbanksField Office AnchorageField Office
907-456-0239 907-271-2888/ 1-800-272-4174

Forprojectsnorthof theAlaskaRange, For projectssouthof the AlaskaRange,or
(excepttheSewardPeninsula). on the SewardPeninsula,St. Lawrence

Island, orPribilof Islands.

Juneau Field Office
907-586-7240

For projectssouthof Icy Bay
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APPENDIX V

COMMENTS RECEIVED ON DRAFT SPECTACLEDEIDER
RECOVERYPLAN

TheU.S. Fish and Wildlife Service(Service)receivedcommentson theDraft Spectacled
Eider RecoveryPlanfrom thefollowing parties:BP Exploration(Alaska)Inc.; Phillips
PetroleumCompany;andARCO, Alaska, Inc. Comments,attachedaspartof thisappendix,
were addressedin two ways: first, commentson format, style, orgrammarwereconsidered
andincorporatedif they improvedthedocumentwithout compromisingcontentor clarity;
second,commentson contentwereincorporatedwhereappropriateandareaddressed
individually below. In general,commentersexpressedapprovalof thedocument,and
encouragedtheServiceto continueefforts to recoverthisspecies.

1. BP Exploration (Alaska)Inc:
This commenterencouragedtheServiceto “continueto baseits assessmentson thebest
scientific informationavailableandto work closelywith nativecommunities,industryand
otherinterestedgovernmentalauthoritiesto ensurethatdatasetsareintegratedandthat
remedialor correctiveactionaimedat properlymanagingspectacledeiderpopulationshas the
desiredeffect.”

The Serviceconcursthat theseareessentialconsiderationsand is committedto working closely
with all affectedpartiestowardrecoveryof spectacledeiders. TheEndangeredSpeciesAct of
1973, asamended,requirestheServiceto usethebestavailablescientificandcommercial
informationwhen makingdeterminationsfor listing speciesas threatenedor endangered.The
bestavailableinformationwasusedin developingthe recoveryplan for spectacledeiders,and
will continueto be usedin implementationof theplan.

2. PhillipsPetroleumCompany:
Phillips PetroleumurgedtheServiceto “take extremecautionto assurethatanyactions
resultingfrom..,studieswhich might restrictor further restrictoil andgasdevelopmentor
explorationactivities [are]carefully considered.”

The Servicecarefully considersthe likelihood of adverseeffectsto anylisted speciesasa result
of any federally funded,permitted, or conductedactivitiesundertheauthorityof section7of
theEndangeredSpeciesAct of 1973 (Act). If theactivity mayadverselyaffect a listed
species,formal consultationwith theServiceis required. Although theremaybe some
changesto project plansasa resultof section7 consultation,in mostcases,projectchangesare
not likely to significantly restrict theaction. The Serviceis committedto maintainingan
excellentworking relationshipwith industryrepresentativesin Alaskawhile fulfilling
obligationsunderthe Act to protectspectacledeiders.
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3. ARCO, Alaska, mc:
Thisreviewerwasdisappointedthat therecoveryplandid not elaborateon management
guidancefor North Slopeoil fields, andencouragedtheServiceto updatetherecommended
protectionmeasuresfor spectacledeidersduringthe breedingseason(appendixIV).

The recommendedprotectionmeasuresareintendedasgeneralguidelines. Implementationof
theseguidelinesvarieswith eachproject dependingon timing of construction,habitattype,
availablesurveyinformation,andotherfactors.The Servicestrivesto limit impactsto projects
asmuchaspossiblewhileprovidingadequateprotectionto spectacledeiders. Changeswere
madein thedraft guidelinesto addresssomeof the concernsraisedby thiscommenter,andthe
Servicewill review theguidelinesannuallyandupdatethemasnecessary.In addition, the
recoveryplancallsfor preparationof summaryreportson industrialdevelopmenton theNorth
Slopeandon humandisturbance. Furtherchangesto therecommendedprotectionmeasures
will be consideredwhen thosereportsarecompleted.
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